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Maize.

The flint type, much grown in the northeastern country.
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THE GARDEN CRAFT SERIES

OOMPRISES practical handbooks for the horticulturist, explaining
and illustrating in detail the various important methods which
experience has demonstrated to be the most satisfactory. They may
be called manuals of practice, and, though all are prepared by Pro-
fessor BALEY, of Cornell University, they include the opinions and
methods of successful specialists in many lines, thus combining the
results of the observations and experiences of numerous students in
this and other lands. They are written in clear, strong, concise
English, and in the entertaining style which characterize the author.
The volumes are compact, uniform in style, clearly printed, and
illustrated as the subject demands. They are of convenient shape
for the pocket, and are substantially bound in flexible green cloth.

THE HORTICULTURIST'S RULE BOOK. By L. H. Bamwey. 312 pp.
75 cents.

THE NURSERY-BOOK. By L. H. BanLey. 365 pp. 152 illﬁstrations. $1.
PLANT- BREEDING. By L. H. BaiLey. 293 pp. 20 illustrations. $1.25, net. .
THE FORCING-BOOK. By L. H. BaiLey. 266 pp. 88 illustrations. $1.
GARDEN - MAKING. By L. H. BarLey. 417 pp. 256 illustrations. $1.

THE PRUNING-BOOK. By L. H. Baney. 545 pp. 331 illustrations. $1.50.

THE PRACTICAL GARDEN-BOOK. By C. E. HuNN and L. H. BamLey. 250 pp.
Many marginal cuts. $1.
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OTHER WORKS BY PROFESSOR BAILEY

THE EVOLUTION OF OUR NATIVE FRUITS

By L. H. BAILEY, Professor of Horticulture in the Cornell University
472 PAGES —125 ILLUSTRATIONS —$2.00

inquired into, and the personality of those horticultural pioneers whose almost forgotten labors

have given us our most valuable fruits is touched upon. There has been careful research into the
history of the various fruits, including inspection of the records of the great European botanists who
have given attention to American economic botany. The conclusions reached, the information presented,
and the suggestions as to future developments, cannot but be valuable to any thoughtful fruit-grower,
while the terse style of the author is at its best in his treatment of the subject.

LESSONS WITH PLANTS

Suggestions for Seeing and Interpreting Some of the Common Forms of Vegetation. By L. H.
BAILEY, Protessor of Horticulture in the Cornell University, with delineations from nature
by W. S. HOLDSWORTH, of the Agricultural College of Michigan.

431 PAGES— 446 ILLUSTRATIONS—12 MO—CLOTH—$1.10, NET

IN this entertaining volume, the origin and development of the fruits peculiar to North America are

“I have spent some time in most delightful examination of it, and the longer I look, the better I like it. I find it
not only full of interest, but eminently suggestive. I know of no book which begins to do so much to open the eyes of
the student—whether pupil or teacher—to the wealth of meaning contained in simple plant forms. Above all else, it
seems to be full of suggestions that help one to learn the language of plants, so they may talk to him.”—DARWIN L.
BARDWELL, Superintendent of Schools, Binghamton.

THE SURVIVAL OF THE UNLIKE

A Collection of Evolution Essays Suggested by the Study of Domestic Plants. By L. H. BAILEY,
Professor of Horticulture in the Cornell University.

515 PAGES —22 ILLUSTRATIONS — $2.00

entertaining style, and fully illustrated, will prove welcome. It treats of the modification of

plants under cultivation upon the evolution theory, and its attitude on this interesting subject is
characterized by the author’s well-known originality and independence of thought. Incidentally, there
is stated much that will be valuable and suggestive to the working horticulturist, as well as to the man
or woman impelled by a love of nature to horticultural pursuits. It may well be called, indeed, a
philosophy of horticulture, in which all interested may find inspiration and instruction.

TO those interested in the underlying philosophy of plant life, this volume, written in a most

THE OUTLOOK TO NATURE
CLOTH —12 MO—$1.25, NET

*It is an instructive and enlightening volume, full of human interest, and of special value to those who have any
part in the great work of education.”—Toronto Globe.

“They are written in Professor Bailey’s usual pleasing style, and will lead any thinking reader to a closer com-

munion with nature.”—Rural New Yorker.
BOTANY

An Elementary Text for Schools
355 PAGES—500 ILLUSTRATIONS —$1.10, NET
“It would be hard to find a better manual for schools or for individual use.”—The Outlook.
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A SELF-SUPPORTING HOME

By KATE V. SAINT MAUR. Fully illustrated from photographs and drawings
CLOTH—12 MO —$175, NET

“It is worth reading about, especially as the writer has a clear way of telling things that are
worth telling and cannot fail to be helpful.”—Minneapolis Journal.

“It is a very practical and helpful book for the amateur farmer or even for the country dweller,
whose gardening does not rise to the dignity of farming.” —The Outlook.

“‘A Self-Supporting Home' is both an interesting narrative and a very handy and practical guide
to life in the country on the basis of a small income. The common-sense practicality, which gives the
book its value, is attributable to the fact that these are actual experiences described here.” — The
Richmond Times-Dispalch.

THE EARTH’S BOUNTY

By KATE V. SAINT MAUR, Author of ‘‘A Self-Supporting Home.”’ Illustrated from photographs
CLOTH —12 MO.

RS. SAINT MAUR’S new book, though perfectly individual, is a sequel to “A Self-Supporting
Home.” It chronicles the events after success permits the feminine farmer of the earlier book to
acquire more land and put to practical test the conclusions reached from observations and

reading. Many complex subjects in husbandry, incomprehensible to the amateur when technically
phrased, become simple facts in this plain narrative of how and why certain things must be done in a
certain way, and at certain seasons, to realize certain results.

A BOOK OF VEGETABLES

And Garden Herbs. A Practical Handbook and Planting Table for the Home Garden
By ALLEN FRENCH
CLOTH — 12 MO.

northern United States. Besides a description of each plant, its habit, value and use, the book con-

tains detailed cultural directions, covering the soil, planting distances, times for sowing, thinning
and transplanting, fertilizing, picking, winter protection, renewal, storage, and the management of
diseases and pests. The directions are in accordance with the latest scientific practice. There is much
in the volume for which the gardener will look in vain in the ordinary handbooks on gardening; while
obscure points of culture, often necessary to success with a particular plant, are fully covered. The book
is a departure in vegetable-garden literature. It does not generalize. Leaving the description of garden
processes to the general handbooks, it considers the vegetables not in classes but individually, according
to their importance.

THIS book gives complete directions for growing all vegetables cultivable in the climate of the

FORAGE CROPS -\

By EDWARD B. VOORHEES, Director of the New Jersey Agricultural Experiment Station
CLOTH—12 MO.

useful and practical rotations and soiling systems, and gives methods of seeding, culture and use.

The various crops useful for soiling, and their adaptation for various purposes, are fully described.
The l:mok is timely, eminently practical and should be of great service to every progressive dairyman and
stock-raiser.

THIS work deals with the whole subject of forage in a practical and up-to-date manner. It suggests
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SOILS

Their Formation, Properties, Composition and Relations to Climate and Plant-growth in the Humid
and Arid Regions. By E. W. HILGARD, Ph.D., LL.D., Professor of Agriculture in the
University of California and Director of the California Agricultural Experiment Station.

CLOTH —8VO0 — $4.00, NET

SUMMARY OF CHAPTERS

I. ORIGIN AND FORMATION OF SoILS. PrYSsICS OF SoiLs, continued.
INTRODUCTION. CHAPTER 15. Colors of Soils.
CHAPTER 1. Physical Processes of Soil Formation. “ 16. Climate.
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“ 11. Water of Soils — Hygroscopic and IV. SoiLs AND NATIVE VEGETATION.
Capillary Moisture. CHAPTER 24. Recognition of the Character of Soils
“ 12, Water of Soils—Surface, Hydrostatic, from Their Native Vegetation—Mis-
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The Air of Soils. Lands.

HOW TO CHOOSE A FARM

With a Discussion of American Lands. By THOMAS F. HUNT, Professor of Agronomy
in Cornell University

CLOTH — 12MO — $1.75, NET

CONTENTS

Seeking an Investment—Adaptation and Size of Farm—Effect of Shape and Topography—Natural and
Artificial Aspect — Meteorological Conditions — Location — Improvements — When and How to
Examine a Farm—Judging the Farm—Some Factors in Farm Management —A Farm Problem —
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APPENDIX
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States —Canada. Mean Elevation of the United States.
Essentials in the Sale and Transfer of Real Estate. Increase of Farm Lands in the United States.
Method of Laying Out Public Lands. Mileage of Railroads in the United States.
Irrigation Projects. Acreage of Farms of Specified Tenures.
Area Surveyed and Mapped by the Bureau of Soils. The Production of Sanitary Milk.
Value of Farm Property per Acre. Bibliography—Index.

THE MACMILLAN COMPANY
64-66 FIFTH AVENUE, NEW YORK















CONTENTS

PART I—-THE PLANT AND ITS RELATIONS

CHAPTER 1
STRUCTURE AND PHYSIOLOGY OF THE PLANT . . . . . . . . .. . . .. .. e e 5Pf§5'
The Plant : Its Structure, Life-Processes and Environment. W. J.V. Osterhout . . . . . . . 11
Response of Plants to Artificial Lights. G.E.Stone . . . . . . . . .. . ... ]
The Stimulation of Plant Growth by Means of Weak Poisons. Howard S.Reed . . . . . . . 28
Effect of Electricity on Plants. G.E.Stone . . . . . . . . . . ... .. ... ... 30
CHAPTER II
INSECTS AND DISEASES . . . . v v v v v v ¢t v v v o v v ot o e s o e o o e s a s 36-563
Means of Controlling Insects. M. V. Slingerland . . . . . . . .. ... ... .. ... 40
Means of Controlling Plant Diseases. Henry L. Bolley . . . . . . .. . ... .. ... 46
CHAPTER 1II1
THE BREEDING OF PLANTS . . . . . . . . . . & v i v v v v v e o o v o . 53-69
Some of the Principles of Plant-Breeding. Herbert J.Webber . . . . . .. ... .. .. 57
CHAPTER 1V
PLANT INTRODUCTION. David Fairchild . . . . . . . . . . . ... .. ... ... 70-80
CHAPTER V
CROP MANAGEMENT . . . . . . v v v v e vt e e e e e e o et e e e et e e u e 81-118
Farm Management. A. M.TenEyck . . . . . . . . . . . . . ¢t v v v v o o o oo 90
The Triennial Crop Rotation System. Hugh N.Starnes . . . . . .. . ... ... ... 98 .
Examples of Crop Rotation Systems in Canada, United States, and Elsewhere. S. Fraser . . . 99
WEEDS, AND THE MANAGEMENT OF THEM . . . . . . . . . . ¢ ¢ v v v v v v o v o o o 110
Chemical Weed-Killers, or Herbicides. L.R.Jones . . . . . . . . . . .. . .. .. .. 115
CHAPTER VI
GROWING PLANTS UNDER COVER . . . . . . . . . & v v v v v v v et e o o a v s 119-130
The Shading of Plants, B. M. Duggar . . . . . . . . . . . . . v v v v v v v v v o 119 .
Glasshouses for Vegetable Crops. L.R.Taft . . . . . . . .. .. e e e e e e e e 123
Plants in Residence Windows. CharlesE.Hunn . . . . . . . . . .. . ... ... .. 128
CHAPTER VII
SEEDING, PLANTING AND YIELDS . . . . . . & v v v v v v v o v o e o o e e e e w 131-155
Practical Advice on Seed-Testing. E. Brownand F.H.Hillman. . . . . .. . .. . ... 141
Growing Seed Crops. W. W.Tracy . . . . . . v v v v v v v v v 0 o v v e e o e e v 144
The Growing and Transplanting of Field-Crop Plants, L.C.Corbett . . . . . . . . . .. 147
Legal Weights of Agricultural Products . . . . . . . . .. . ... .. .. ..... 148
Yieldsof Farm Crops . . . . . . . . . . . . i i i i i i e e e e e e e e e 152



vi CONTENTS

PART II—-THE MANUFACTURE OF CROP PRODUCTS
CHAPTER VIII

PAGE
PRESERVED PRODUCTS . . . . . . & v v v v v i ettt t e et e e e e e e e 167-177
Canning Industry in California. C. H.Bentley . . . . . . . . . . ... ... .... 158
Home Preserving and Canning. Anna Barrows. . . . . . . . .. ... ....... 161
The Commercial Canning Industry. Samuel C.Prescott . . . . . . . . . ... ... .. 168
Home-made Pickles and Ketchup. Anna Barrows . . . . .. . .. .. ........ 173
Evaporating as a Home Industry in Eastern United States. G.F. Warren . . . . . . . . 174
CHAPTER IX
JUICES AND LIQUORS . . . . . . .+ ¢t & v v i it ittt e e e e e e e e e 177-190
Grape and Other Fruit Juices. A. M. Loomis . . . . . . . . . ... .. ....... 178
Wine, Cider and Vinegar. Samuel C.Prescott . . . . . . . . . . ... ....... 181
Industrial Alcohol—Denatured Alcohol. HHW. Wiley . . . . . . . ... ... ..... 186
Brewing. Samuel C. Prescott . . . . . . . . . . . . . . .. . ... .. 188
PART III—-NORTH AMERICAN FIELD CROPS
Alfalfa or Lucern. J. M. Westgate . . . . . . . . . . . . . . .. .. .. ... 192
I Alfalfa in the Central West. F.D.Coburn . . . . . .. . .. . ... ........ 195
Alfalfainthe East. F.E. Dawley . . . . . . . . . . . . . .. . ... ... 197
Alfilaria. J.J.Thornber . . . . . . . . . . . L . e e e e e e e e e e e 197
Arrow-root. S. M. Tracy . . . . . & v v i v it e e e e e e e e e e e e e e e e 199
Banana-Growing in American Tropics. G.N.Collins . . . . . . . . .. .. ... ..... 199
Barley. R.A. Moore . . . . . . . . . . . e e e e e e e e e e e e e 202
Bean, Field. J.L.Stone . . . . . . . . . . . i e e e e e e e e e e e e e e e 206
Bean,Broad. John Fixter . . . . . . . . . . . . . .. . L. e e e e e e e e e e 212
Beggarweed. H . Harold Hume . . . . . . . . . . . . . . ... ... ... ... 214
Berseem. V. A.Clark . . . . . . . . . . . e e e e e e e e e e e e e 215
Broom-corn. C.W. Warburton . . . . . . . . . . . . . ... e e 216
Buckwheat. J.L.Stone . . . . . . . . . . .. . . e e e e e e e e 217
Cabbage for Stock-Feeding. S.Fraser. . . . . . . . .. . .. . ... . i v 221
Cacao. G.N.Collins . . . . . . . . . . . . i i i it i et e e e e e e e 224
CactiasForage . . . . . . . . . . . . i i i e e e e e e e e e e e e e e e e 226
Cassava. S M.Tracy . . . . . . . . ¢t o v i e e e e e e e e e e e e e e e e e e e e 227
Castor-bean. E. Mead Wilcox . . . . . . . . . . . . o . i i it e e e e 229
Chicory Root. T. LyttletonLyon . . . . . . . . . . . .. . ..o 231
[0 103 232
Red Clover Seed-Growing. C.B.Smith . . . . . . . . . .. .. ... .00 .. 2356
Clover: Its Culture and Uses. Joseph E. Wing . . . . . . . J 237
Coffee and Coffee-Growing. J.W.VanLeenhoff . . . . . . . . .. e e e e e e e e e e 239
Cotton. Herbert J. Webber and E.B.Boykin. . . . . . . . .. . ... ... ... .. 247
Practical Suggestions on Cotton-Growing. W.B. Mercier . . . . . . . . . . . .. ... 257
CoverCrops. E.B.Voorhees . . . . . . . . . . . . . . . o vt v v 258
Cowpea. J.F.Duggar . . . . . . . . . . . . . . e e e e e 260
Dyes and Dyeing. C.S.Doggett . . . . . . . . . . . .. . . . ... 267

~



Noate AMERICAN FIELD CROPS, continued PAGE
FarmGarden . . . . .. . ... ... ...... s s e v 4 s e ane s e 273
The Farm Fruit- and Vegetable-Gardens. S. T. Maynard .......... e e ... 214
Fiber Plants. Lyster H.Dewey . . . . . . . .. e e e e e e e e e e e e e e .. 281
Flax. C.P.Bull. . . . . . . . i i i e e e e e e e e et e e e e e e 293
Forage Crops . . . . v v v v v v v e e e e e e et e e e e e e e e e e e e e e e 303
The Significance of Forage-Cropping. Charles S. Phelps. . . . . . . . . ... ... .. 304
Incidental Forage-like Plants. The Editor, C. F. Wheeler, and others . . . . . . . .. .. 306
Forests . . . . . . . i i i i it e e e e e e e e e e e e e e e e e e e 312
Farm Woodlot: Its Place in the Farm Economy. B.E.Fernow . . . . . .. ... . .. 313
Factors in Timber Production. RaphaelZon. . . . . . . . . . . . . . .. o oo v o 319
Raising the Timber Crop. Samuel B.Green . . . . . . . . . . .. . .. ... .. .. 323
Practical Protection and Improvement of the Farm Woodlot. Alfred Akerman . . . . . . . 330
Harvesting and Marketing the Timber Crop. E.E.Bogue . . . . . . . . . ... .. .. 333
Insect Enemies of Woodlot Trees. A.D.Hopkins. . . . . . . .. ... ... ..... 343
Forest and Timber Diseases. Hermann von Schrenk . . . . . . . .. . .. .. .. .. 345
Fruit-Growing . . . . . . . . i . it e e e e e e e e e e e e e e e e e e e e e 348
Handling and shipping fruit. G. Harold Powell . . .. . . . . . ... .. .. ... .. 355
Ginseng, American. B.L.Hart . . . . . .. ... ... .. 000000 357
Grain: Shipping, Grading and Storing. C.S.Scofield . . . . .. . ... .. ..... . 362
Grasses. A.S. Hitchcock . . . . . . . . . . . 0 v i i ot e e e e e e 365
Hemp. JON.Harper . . . . . . . . . v o i v v v v v v v v o e e e e e e e e e e 377
Hops. Jared Van Wagenen, Jr. . . . . . . . . . . . ¢ i i vt b e e e e e e e e ‘380
Kafirand Durra . . . . . . . . . . . L L .t e e e e e e e e e e e e e e e e 384
Cultivation of kafir and durra. E. G. Montgomeryand C. W. Warburton . . . . . . .. . . 385
Kale for Stock-Feeding. H.W.Smith . . . . . . . . .. ... .. ... 0. 388
Jerseykale . . ... ... .......... e e e e e e e e e e e e e 389
Kohlrabi for Stock-Feeding. J.W.Gilmore . . . . . . . . . . . . . .. ... . 389
Legumes . . . . . . &t i et e e e e e e e e e e e e e e e e e e e e e e e e e 391
Legume Root-tubercles. George F. Atkinson . . . . . . . .. ... ... .. .... 392
Lespedeza. Samuel M. Bain . . . . . . . . . . . .. 000 e e e e e e e e - 395
Lupine. H.N. Vinall . . . . . . . . . . . i i i it i i et et e e e e BT
Maize, or Indian Corn. John W. Harshberger . . . . . . . . . . .. ... .. ... 398
Maize-Growing. C.P.Hartley . . . . . . . . . . . . . v v v v v vt 402
Maize-Growing for the Silo. Jared Van Wagenen, Jr.. . . . . . . .. . . ... .. .. 414
Popcorn. J.G.Curtis . . . . . . . . . . . it e e e e e e e e e e e e e e 418
The Breeding of Maize. CyrilG.Hopkins . . . . . . . .. .. ... ... ... ... 421
Maple-Sugar and MapleSyrup. J L. Hills . . . . . . . . . .. ... ... .00 .. 427
Maple-syrup-making from Ohio Experience. W.I.Chamberlain. . . . . . . ... .. .. 430
Meadows and Pastures. S.Fraser . . . . . . . . . .. .. it . 434
Grasses and Clovers Used in Meadows and Pastures. W.J.Spillman . . . . . . . . . .. 442
Native Meadows and Pastures of the Plains and Ranges. P.Beveridge Kennedy . . . . . . . 453
Medic . . . . . . o e e e e e e e e e e e e e e e e e e e e e e e e e 456
Medicinal, Condimental and Aromatic Plants. R. H. True,andothers. . . . . . . . .. . .. 457
Melilotus. J.F.Duggar. . . . . . . . . . i i i e e e e e e e e e e e e e e e e 467
Millets. M. A.Carleton . . . . . . . . . . . . . . . . 0 i e e e e 469
Mushrooms and Tuffles. B.M.Duggar . . . . . . . . . . . . . . . . v v e 474
Nurseries . . . . . . . . . . i e e e e e e e e e e e e e e e e e e e e 481



viii CONTENTS

NorTH AMERICAN FIELD CROPS, continued PAGE
Oats. A.L.Stone . . . . .. ... ........ e s et e e e e e s e e e .. 48
The “Open Furrow ” Method of Seeding Oats. Hugh N. Starnes e e e e e e o e . . . 493
Oil-bearing Plants. R.H.True. . . . . . . . . . . ¢ . v v v v v v v o v o o e oo . 4%
Ornamentals . . . . . . . . . . . L et e e e e e e e e e e e e e e e 502
Paper-Making Plants. F.P. Veitch . . . . . .. . e e e e e e e e e e e e e e e e 503
Pea, as a Field Crop. J.L.Stone . . . . . . . . . . . . i i v i i i v e v e, 510
Peanut. L.C.Corbett . . . . . . . . . . . . . i i i i e e e e e e e e e 514
Potato. S.Fraser . . . . . . . . . i . . i e e e e e e e e e e e e e e e e e e e e 519

: Potato-growing in the South. H.Harold Hume . . . . . . . . . . . ... ... ... 627
** Pumpkin and Squash for Stock-Feeding. S.Fraser . . . . . .. . ... ... e e e e e 529
Rape. A.L.Stone . . . . . . . . . . i i e e e e e e e e e e e e e e e e e 530
Rice. S. A.Knapp . . . . . . . i e e e e e e e e e e e e e e e e e e 534
Root Crops. S. Fraser . . . . . . . . i i i i i e e i e e e e e e e e et e e 539
Root Cellars and Storage Houses. L.C.Corbett . . . . . . . . .. . .. ... .. .. 550
Rubber, or Caoutchouc. H. N.Ridleyand . H. Hart . . . . . . .. . ... ... .... 554
 Rye. Jared Van Wagenen, Jr. . . . . . .. ... ... e e e e e e e e e e e e e . 559
o Sainfoin. C.V.Piper. . . . . o ¢ 0 . e e e e e e e e e e e e e e e e 564
Saltbushes. P. BeveridgeKennedy . . . . . . . . . . . . ... . ... ... 565
Serradella. C.V.Piper . . . . . . . . . . . i i i e i e et e e e e e e e e 566
Silage-Cropping : Its History, Processes and Importance. J.W.Sanborn . . . . . . . . . . . 566
Soiling : Its Philosophy and Practice. F.W.Woll . . . . . . . . ... ... ....... 569
Sorghum. CarletonR.Ball . . . . . . . . . . . . . . . ..o, 574
Sorghum-growing. C.W.Warburton . . . . . . . . . . . . . .. ¢ v v 580
Soybean. J.F.Duggar . . . . . . . . . . . . . e e e e e e e e e e e e e e e e e 582

- Spice-Producing Plants. R.H.True. . . . . . . . . . . . . . v i it v v v o oo 586
~Spurry. C.V.Piper . . . . L L o o e e e e e e e e e e e e e e e e e 587
- Sugar-Beet. C.O0.Townsend . . . . . ... ... ... e e e e e e e e e e e e e 588
. The Manufacture of Beet-Sugar. G. M. Chamberlin, Jr. . . . . . . . . .. ... e« o . 095
.~ Sugarcane. N.A.Cobb. . . . . .. . .. L L L0 L oo . . 599
" Sunflower. A.M.TenEyck . . . . . . . . . i i i e e e e e e e e e e e e e e . 611
Sweet-potato. M.B.Waite . . . . . . . . . . . . . . e e e e 613
Tanning Materials. F.P.Veitch . . . . . . . . .. ... ... ............ 623
Taro. JJE.Higgins . . . . . . . ¢ o i i i i i e e e e e e e e e e e e e e e e e 629
Tea. Charles U.Shepard . . . . . . . . . . . . . i i i i i it e et e et e e e e 631

" Teasel. C.W.Clark . . . . . . . i . e e e e e e e e e e e e e e e e e e 636
Teosinte. W.J.Spillman . . . . . . . . . . . . . . . e e e e e e e e 638
Tobacco. A.D.Shamel . . . . . . . . . . . . . e e e e e e e e e e 639
Truck-Growing. John W.Lloyd . . . . . .. ... ... ... ............ 653
Velvet bean. H. Harold Hume . . . . . . . . . . . ... ... ..., 656
Vetch. JLEF. Duggar . . . . . . & & i i i i et e v e e e o et e e e e e e e e 658

Wheat. E. E. Elliott and T. Lyttleton Lyon . . . . . . . . . .. . e e e e e e e 660



PLATES

FACING
I. Maize, the great American cereal. This picture represents the flint corn, grown in the Faox
northeastern and northern parts of the country . . . . . . . . .. Frontispiece
II. Fruits of North and South. Crab-apple from Indiana and Orange from Southern California 50
ITI. Wheat harvest in the midcountry. . . . . . . . . . . . .. . ... ... ... 100
IV. Peacanming 8ceme . . . . . . . . . . v v v v v e e e e e e e e e e e e e e e 156
VoAlfalfa. . . . . . o . o e e e e e e e e e e e e e e e e e e e e 192
VL Heads of barley . . . . . .. . . . . ... .. v, 204
VILRedclover . . . . . . . . . . . . . i i i i i et e et e e e e 232
VIIL. Coffee in Cuba . . . . . . . . . . i . i i i i i st it e et e e e e 244
IX. Cotton-picking scene. . . . . . . . . .. . .. ... .... Ve e e e e e e 256
X. Forest devastation. . . . . . . . . . . . . . v it ittt e e e 312
XI. Forest protection and management. Courtesy of the Forest Service, United States
Department of Agriculture . . . . . . . . . . ... .. ... 000 320
XII. Grasses for hay and pasture . . . . . . . ... .. ... e e e e e e e e e e 365
XI. Kafir, a very important non-saccharine sorghum. . . ... ............ 386
XIV. Types of maize . . . . . . . & & v i i v i e e e e e e e et e e e e e e e 398
XV.Haying 8cene . . . . . . . . v v i v v v v e e e e e e e e e e e e e e e e e 434
XVI. Permanent hill pasture . . . . . . . . . . . . . . .. . 0. 455
XVIL Foxtail millet . . . . . . . . . o . o v i i i i it s i s et e e e e 468
XVIII. Well-tilled apple orchard . . . . . . . . . . .. . .. ..., 481
XIX. Potatoes . . . . . . . .« . . i v i s e e e e e e e e e e e e e 519
XX. Rice: panicle and field. . . . . . . . ... .. .0 oo n e 535
XXI. Heads of T¥e . . . . . & v v . v 4 i e e e e e e e e e e e e e e e e . 560
XXIIL Silo, under construction and completed ; also silage machinery . . . . . ... . .. 570
XXIII. Sugar-planter’s residence . . . . . . . . . . . ¢ v i i e b 4 e e e e e 600
XXIV. Header at work in wheat-field . . . . . . . ... ... ... ..., 660
XXV. Field of wheat . . . . . .. . ... ... ... .. ... e e s . ... 666
VOL. II

First MSS. sent to printer November 10, 1906.
Date of publication September 25, 1907.
A. R. Mann, Editor’s Secretary.
W. C. Baker, Artist.

(ix)






COLLABORATORS

LIST OF CONTRIBUTORS TO VOLUME II
Many of the contributors have assisted in reading proof and in other ways.

AKERMAN, ALFRED, Professor of Forestry, University of
Georgia, Athens, Ga. (Practical Protection and Im-
provement of the Farm Woodlot.)

ATKINSON, GEO. F., Professor of Botany, Cornell Univer-
sity, Ithaca, N. Y. (Legume Root-Tubercles.)

BAIN, SAMUEL M., Professor of Botany, University of
Tennessee, and Botanist of the Agricultural Experi-
ment Station, Knoxville, Tenn. (Lespedeza.)

BaLL, CARLETON R., Agronomist in Sorghum Investiga-
tions, Office of Grain Investigations, Bureau of Plant
Industry, Department of Agriculture, Washington, D. C.
(Sorghum.)

BaARROWS, ANNA, Teacher of Domestic Science, Lecturer
at Chautauqua Institution, New York State College of
Agriculture at Cornell University, Teachers’ College of
Columbia University and Simmons College, Boston,
Mass. (Home Preserving and Canning. Home-made
Pickles and Ketchup.)

BENTLEY, CHARLES HARVEY, Manager, Sales Department,
California Fruit Canners’ Association, San Francisco,
California. (Canning Industry in California.)

BoGUE, E. E., Professor of Forestry, Michigan Agricul-
tural College, Agricultural College, P. 0., Mich. (Har-
vesting and Marketing the Timber Crop.)

BoLLEY, HENRY L., Professor of Botany and Zoélogy,
North Dakota Agricultural College, and Botanist,
Agricultural Experiment Station, Agricultural College,
N. D. (The Means of Controlling Plant Diseases.)

BorxiN, E. B, Assistant in Plant-Breeding Investigations,
Bureau of Plant Industry, Department of Agriculture,
Washington, D. C. (Cotton, in conjunction with Her-
bert J. Webber.)

BrownN, E., Botanist in Charge of Seed Laboratory, Bureau
of Plant Industry, Department of Agriculture, Wash-
ington, D. C. (Practical Advice on Seed-Testing, in
conjunction with F. H. Hillman.)

BuL, C. P., Assistant Professor of Agriculture, Univer-
sity of Minnesota, and Assistant Agriculturist, Minne-
sota Exp. Sta., St. Anthony Park, Minn. (Flaz.)

CARLETON, MARK ALFRED, Cerealist in Charge of Grain
Investigations, Bureau of Plant Industry, Department
of Agriculture, Washington, D. C. (Millets.)

CHAMBERLAIN, W. I, Editorial Department, “The Ohio
Farmer,” Cleveland, Ohio. Private address, Hudson,
Ohio. (Maple-syrup-making from Ohio Experience.)

CHAMBERLIN, G. M., Formerly Manager, The Little Empire
Investment Company, and Chief Chemist and Asst.
Supt., The Western Sugar and Land Company, Grand
Junction, Colo. Present address, in care of C. R. Glea-
son & Co., Chicago. (The Manufacture of Beet-sugar.)

CLARK, C. W., Farmer, Skaneateles, N. Y. (Teasel.)

CLask, V. A., Formerly Agriculturist and Horticulturist,
Arizona Experiment Station Farm, Phoenix, Ariz. Ad-
dress, Urbana, IIl. (Berseem.)

CosB, N. A., Chief, Division Crop Technology, Bureau of
Plant Industry, Department of Agriculture, Washing-
ton, D. C. (Sugar-Cane.)

CoBURN, F. D., Secretary State Board of Agriculture,
Topeka, Kansas. (Alfalfa in the Central West.)

CoLLiN8, G. N., Assistant Botanist, Binomic Investiga-
tions, Bureau of Plant Industry, Department of Agri-
cultire, Washington, D. C. (Banana-Growing in
American Tropics. Cacao.)

CoreETT, L. C., Horticulturist, Bureau of Plant Industry,
Department of Agriculture, Washington, D. C. (The
Growing and Transplanting of Field - Crop Plants.
Peanut. Root Cellars and Storage Houses.)

CurTs, J. G., Farmer, South Greece, N. Y. (Popeorn.)

DAwWLEY, F. E,, Breeder of Animals and Director of State
Farmers’ Institutes, Fayetteville, N. Y. (Alfalfa in
the East.)

DEwEY, LYSTER H., In Charge of Fiber Plant Investiga-
tions, Bureau of Plant Industry, Department of Agri-
culture, Washington, D. C. (Fiber Plants.)

DoGGETT, C. 8., Director of Textile Department, Clemson
Agricultural College of South Carolina, Clemson Col-
lege, 8. C. (Dyes and Dyeing.)

DUGGAR, B. M., Professor of General Botany and Plant
Physiology, University of Missouri, and Botanist, Agri-
cultural Experiment Station, Columbia, Missouri.
(The Shading of Plants. Preserving and Preparing
Mushrooms. Mushrooms and Tryffles.)

DuUGGAR, J. F., Director and Agriculturist, Experiment
Station of Alahama Polytechnic Institute, Auburn,
Ala. (Cowpea. Melilotus. Soybean. Vetch.)

EvLiorrt, E. E,, Head Professor of Agriculture, Washing-
ton State College, and Agriculturist, State Agricultural
Experiment Station, Pullman, Washington. (Wheat,
in conjunction with T. Lyttleton Lyon.)

ERWIN, A. T., Associate Professor of Horticulture, Iowa
State College of Agriculture and Experiment Station,
Ames, Iowa. (Lists of Fruits for Home-planting in
ITowa.)

FaIrcHILD, DAvID, In Charge of Office of Seed and Plant
Introduction, Department of Agriculture, Washington,
D. C. (Plant Introduction.)

FERNOW, B. E., Professor of Forestry, Toronto University,
Toronto, Ontario, Can. (Farm Woodlot : Its Place in
the Farm Economy.)

FIXTER, JOBN, Farm Superintendent, The Macdonald Col-
lege, St. Anne de Bellevue, P. Q. (Bean, Broad.)
FRASER, S., Farmer; Manager, Fall Brook Farms, and
Consulting Agriculturist, Estate Major W. A. Wads-
worth, Geneseo, N. Y. (Ezamples of Crop Rotation Sys-
tems in Canada, United States, and Flsewhere. (ab-
bage for Stock - Feeding. Meadows and Pastures.
Potato. Pumpkin and Squash for Stock - Feeding.

Root Crops.)

(xi)



xii COLLABORATORS

GILMORE, JOHN W., Assistant Professor of Agronomy,
New York State College of Agriculture at Cornell
University, Ithaca, N. Y. (Kohlrabi for Stock-Feeding.
Silage Cutters.)

GREEN, SAMUEL B, Professor of Horticulture and Forestry,
University of Minnesota, St. Anthony Park, St. Paul,
Minn. (Raising the Timber Crop.)

HARPER, J. N., Director of South Carolina Experiment
Station and Professor of Agriculture, Clemson College,
S. C. Formerly of Kentucky Agricultural Experiment
Station. (Hemp.)

HARSHBERGER, JOHN W., Assistant Professor of Botany,
University of Pennsylvania, Philadelphia, Pa. (Maize,
or Indian Corn, botanical discussion.)

Hart, B. L., General Manager, Consolidated Ginseng
Company of America, Rose Hill, N. Y. (Ginseng,
American.)

HArT, J. II., Superintendent of Botanical Department,
Trinidad, B. W. I. (Rubber, or Caoutchoue, in conjunc-
tion with H. N. Ridley.)

HARTLEY, C. P., In Charge of Corn Investigations, Bureau
of Plant Industry, Department of Agriculture, Wash-
ington, D. C. (Maize-Growing.)

HiGGINs, J. E., Expert in Horticulture, Hawaii Experiment
Station, Honolulu, H. T. (Taro.)

HiLLMaN, F. H., Assistant in Seed Laboratory, Depart-
ment of Agriculture, Washington, D. C., (Practical
Advice on Seed-Testing, in conjunction with E. Brown.)

HiLLs, JosgpH L., Dean, Agricultural Department, Uni-
versity of Vermont, and Director, Vermont Experi-
ment, Station, Burlington, Vt. (Maple-Sugar and
Maple-Syrup.)

HircHCcocK, A. S., Systematic Agrostologist, Bureau of
Plant Industry, Department of Agriculture, Washing-
ton, D. C. (Grasses.)

Hoop, S. C., Assistant in Drug and Poisonous Plant
Investigations, Bureau of Plant Industry, Department
of Agriculture, Washington, D. C. (Medicinal Plants:
Lovage. Seneca Snakeroot. Valerian.)

HoprkiNs, A. D., In Charge of Forest Insect Investigations,
Bureau of Entomology, Department of Agriculture,
Washington, D. C. (Insect Enemies of Woodlot Trees.)

HopkiNg, CYRIL G., Chief in Agronomy and Chemistry,
Agricultural Experiment Station of University of
Illinois, Urbana, Ill. (The Breeding of Maize.)

Hume, H. HaRoLD, Vice-President and Secretary, Glen
Saint Mary Nurseries Company, Glen Saint Mary,
Florida. (Beggarweed. Potato-Growing in the South.
Velvet Bean.)

HuNN, CBARLES E., Gardener, New York State College of
Agriculture at Cornell University, Ithaca, N. Y.
(Plants in Residence Windows.)

JoNEs, L. R., Botanist, Vermont Agricultural Experiment
Station, Burlington, Vt. (Chemical Weed-Killers or
Herbicides. Notes on European Experiencein Potato-
Growing.)

KENNEDY, P. BEVERIDGE, Professor of Botany, Horticulture
and Forestry, Nevada Agricultural Experiment Station,
Reno, Nev. (Native Meadows and Pastures of the
Plains and Ranges. Saltbushes.)

KvueH, G. F., Assistant in Drug and Poisonous Plant
Investigations, Bureau of Plant Industry, Department
of Agriculture, Washington, D. C. (Medieinal Plants:
Anise. Belladonna. Caraway. Fennel. Fozglove.
Golden Seal. Lobelia. Pennyroyal. Tansy. Thyme.)

KNaPp, S. A, In Charge of Farmers’ CoGperative Demon-
stration Work, Bureau of Plant Industry, Department
of Agriculture. Address, Lake Charles, La. (Rice.)

Lroyp, JoEN W. Assistant Professor of Olericulture, Col-
lege of Agriculture, and Assistant Chief in Horticul-
ture, Experiment Station, Urbana, Ill. (Truck-Growing.)

Loomis, A. M., Editor of “ The Grape Belt,” Dunkirk, N.
Y. (Grape and Other Fruit Juices.)

LyoN, T. LYTTLETON, Professor of Experimental Agronomy,
New York State College of Agriculture at Cornell
University, Ithaca, N. Y. (Chicory Root. Wheat, in
conjunction with E. E. Elliott.)

MackinTosH, R. S., Professor of Horticulture, Alabama
Polytechnic Institute and Agricultural Experiment
Station, and State Horticulturist, Auburn, Alabama.
(Lists of Fruits for Home-planting in Alabama.)

MacouN, W. T., Horticulturist and Curator of the Botanic
Garden, Central Experimental Farm, Ottawa, Out.,
Can. (Lists of Fruits for Home-planting in Ontario
and Quebec.)

MAYNARD, S. T., Horticultural Specialist and Landscape
Gardener, Northboro, Mass. (The Farm Fruit- and
Vegetable-Gardens.)

McDoNALD, M., President, Oregon Nursery Company,
Salem, Ore. (Organization of a Commercial Nursery
Business, under Nurseries.)

MERCIER, W. B., Farmer, Centerville, Miss. (Practical
Suggestions on Cotton-Growing.)

MoNTGoMERY, E. G., Field Crops, Nebraska Agricuitural
Experiment Station, Lincoln, Neb. (Cultivation of
kafir and durra,in conjunction with C. W. Warburton.)

MOooRE, R. A., Professor of Agronomy, Wiscomsin Agricul-
tural College and Experiment Station, Madison, Wis.
(Barley.)

OsTERHOUT, W. J. V., Professor of Botany, University of
California, Berkeley, Cal. (The Plant: Its Structure,
Life Processes and Environment.)

Pabpock, W., Botanist and Horticulturist, Experiment
Station, Fort Collins, Colo. (Ltsts of Fruits for Home-
planting in Colorado.)

PHELPS, CHARLES S., Superintendent of Grassland Farms,
Chapinville, Conn. (The Significance of Forage-Crop-
ping.)

PrpeR, C. V., Agrostologist, Bureau of Plant Industry,
Department of Agriculture, Washington, D. C. (Sain-

Join. Serradella. Spurry.)

PoweLL, G. HarorLp, Pomologist in Charge of Fruit
Transportation and Storage Investigations, Depart-
ment of Agriculture, Washington, D. C. (Handling
and Shipping Fruit.)

PrESCOTT, SAMUEL C., Assistant Professor of Industrial
Biology, Massachusetts Institute of Technology, and
Director, The Boston Bio-Chemical Laboratory, Boston,
Mass. (The Commercial Canning Industry. Wine,
Cider and Vinegar. Brewing.)

Reep, Howarbp 8., Soil Physiologist, Bureau of Soils,
Department of Agriculture, Washington, D C. (The
Stimulation of Plant Growth by Means of Weak
Poisons.)

RIDLEY, H. N., Botanic Gardens, Singapore, Straita Settle-
ments. (Rubber, or Caoutchoue, in conjunction with
J. H. Hart.)

SANBORN, J. W., Wilson Farm, Gilmanton, N. H. Past-
office, Pittsfield, N. H. (Silage-Cropping: Its History,
Processes and Importance.)



COLLABORATORS

ScERENK, HERMAN VON, Pathologist, Missouri Botanical
Garden, St. Louis, Mo. (Forest and Timber Diseases.)

8coFiELD, CARL S., In Charge of Western Agricultural
Extension, Bureau of Plant Industry, Department of
Agriculture, Washington, D. C. (Grain: Shipping,
Grading and Storing.)

SHAMEL, A. D., Physiologist in Charge of Cotton and
Tobacco Breeding Investigations, Bureau of Plant In-
dustry, Department of Agriculture, Washington, D. C.
(Tobacco.)

SHEPARD, CHARLES U., Special Agent Tea Culture, Buresu
of Plant Industry, Department of Agriculture. Ad-
dress, Pinehurst, Summerville, S. C. (7Tea.)

SLINGERLAND, M. V., Assistant Professor of Economic
Entomology, New York State College of Agriculture
at Cornell University, Ithaca, N. Y. (Means of Con-
trolling Insects.)

Smita, C. B., Office of Farm Management, Department of
Agriculture, Washington, D. C. (Red Clover Seed-
Growing.)

Swmite, H. W., Experimental Farm, Truro, Nova Scotia.
(Kale for Stock-Feeding.)

SPILLMAN, W. J., Agriculturist in Charge of Farm Man-
agement Investigations, Bureau of Plant Industry,
Washington, D. C. (Grasses and Clovers Used in
Meadows and Pastures. Teosinte.)

STARNES, HucH N., Biologist and Horticulturist, Georgia
Experiment Station, Experiment, Ga. (The Triennial
Crop Rotation System. The “Open Furrow” Method
of Seeding Oats.)

STONE, A. L., Instructor in Agronomy, College of Agri-
culture and Agricuitural Experiment Station, Madison,
Wis. (Oats. Rape.)

8TONB, GEORGE E., Botanist, Massachusetts Agricultural
Experiment Station, Amherst, Mass. (Response of
Plants to Artificial Lights. Effect of Electricity on
Plants.)

8ToNB, JORN L., Assistant Professor of Agronomy, New
York State College of Agriculture at Cornell Univer-
sity, Ithaca, N. Y. (Bean, Field. Buckwheat. Pea,as
a Field Crop.)

Tarrt, L. R., Horticulturist, Experiment Station of Michi-
gan Agricultural College, Agricultural College, Mich
(Glasshouses for Vegetable Crops.)

TeNEYCK, A. M., Professor of Agronomy, Kansas State
Agricultoral College and Experiment Station, Man-
hattan, Kans. (Farm Management. Sunflower.)

THORNBER, J. )., Professor of Biology, University of
Arizona, and Botanist, Agricultural Experiment Sta-
tion, Tucson, Ariz. (Alfilaria.)

TowNsBND, C. 0., Pathologist in Charge of Sugar Beet
Investigations, Bureau of Plant Industry, Department
of Agriculture, Washington, D. C. (Sugar-beet.)

TracY, 8. M., Special Agent, Grass and Forage Plant In-
vestigations, Buresn of Plant Industry, Department of
Agriculture, Washington, D. C. Address, Biloxi, Miss.
(Arrow-Root. Cassava.)

TracY, WiLLIAM W., Vegetable Seed Breeding and Grow-
ing, Bureau of Plant Industry, Department of Agri-
culture, Washington, D. C. (Growing Seed Crops.)

Teux, Roowey H., In Charge of Drug and Poisonous
Plant Investigations and Tea Culture Investigations,
Bureau of Plant Industry, Department of Agriculture,

xiii

Washington, D. C. (Medicinal, Condimental and
Aromatic Plants. Oil-Bearing Plants. Spice-Produc-
ing Plants.)

VAN LEENHOFF, J. W., Coffee Expert, Porto Rico Agri-
cultural Experiment Station, Mayaguez, Porto Rico.
Address, Ponce, P. R. (Coffee and Coffee-Growing.)

VAN WAGENEN, JARED, JR., Farmer, Lawyersville, N. Y.
(Hops. Maize-Growing for the Silo. Rye.)

VEeircH, F. P., Chief of Leather and Paper Laboratory,
Bureau of Chemistry, Department of Agriculture,
Washington, D. C. (Paper-Making Plants. Tanning
Materials.)

ViNaLL, H. N., Scientific Assistant in Agrostology,
Bureau of Plant Industry, Department of Agriculture,
Washington, D. C. (Lupine.)

VooRrHEES, EDWARD B., Director, New Jersey Agricultural
Experiment Stations, New Brunswick, N. J. (Cover-
Crops.)

WaITE, MERTON B., Pathologist in Charge of Investigatons
of Diseases of Fruits, Bureau of Plant Industry,
Department of Agriculture, Washington, D. C. (Sweet-
Potato.)

WaRBURTON, C. W., Assistant Agronomist, Bureau of
Plant Industry, Department of Agriculture, Washing-
ton, D. C. (Broom-Corn. Cultivation of kafir and
durra, in conjunction with E. G. Montgomery.
Sorghum-Growing.)

WARREN, G. F., Assistant Professor of Agronomy, New
York State College of Agriculture at Cornell Univer-
sity, Ithaca, N. Y. (Evaporating as a Home Industry
in Eastern United States.)

WEBBER, HERBERT J., Professor of Experimental Plant
Biology, New York State College of Agriculture at
Cornell University, Ithaca, N. Y. Formerly in Charge
of Plant Breeding Investigations, Bureau of Plant
Industry, Department of Agriculture, Washington, D. C.
(Some qf the Principles of Plant-Breeding. Cotton, in
conjunction with E. B. Boykin.)

WESTGATE, J. M., Assistant Agrostologist, Bureau of
Plant Industry, Department of Agriculture, Washing-
ton, D.C. (Alfaifa, or Lucern.)

WHEELER, CHAS. F., Expert Consulting Botanist, Bureau
of Plant Industry, Department of Agriculture, Wash-
ington, D. C. (Incidental Forage-like Plants.)

WiLcox, E. MEAD, Professor of Botany, Alabama Poly-
technic Institute, and Plant Physiologist and Patholo-
gist, Alabama Experiment Station, Auburn. Ala.
( Castor-Bean.)

WILEY, H. W, Chief of the Bureau of Chemistry, Depart-
ment of Agriculture, Washington, D. C. (Industrial
Alcohol—Denatured Aleohol.)

WiNg, JosepH E., Secretary, Continental Dorset Club, and
Editorial Correspondent “ Breeders’ Gazette,” Mechan-
icsburg, Ohio. ( Clover: Its Culture and Uses.)

WoLL, F. W., Professor of Agricultural Chemistry, Uni-
versity of Wisconsin, Madison, Wis. (Soiling: Its
Philosophy and Practice.)

Youne, T. B., Assistant in Drug Plant Investigations,
Bureau of Plant Industry, Washington, D. C. (Medi-
cinal Plants: Red Pepper. Wormseed, American.)

ZoN, RAPHAEL, Chief, Office of Silvics, Forest Service,
Department of Agriculture, Washington, D. C. (Fac-
tors in Timber Production.)



xiv

COLLABORATORS

A PARTIAL LIST OF THOSE WHO HAVE ASSISTED IN READING
PROOF AND IN OTHER WAYS

Apams, G. E., Agriculturist, Rhode Island College of Agri-
culture and Mechanic Arts, and Associate in Agron-
omy, Rhode Island Experiment Station, Kingston, R. I.

ALBERTSON, EMERY, Nurseryman, Plainfield, Ind.

ArMsBY, HENRY PRENTISS, Director, Institute of Animal
Nutrition, The Pennsylvania State College, State Col-
lege, Pa.

ARTHUR, J. C., Botanist, Purdue University, Lafayette,
Ind.

ATKINSON, ALFRED, Agronomist, Montana Agricultural
Experiment Station, Bozeman, Mont.

BAKER, HUGH P., Associate Professor in Charge of
Forestry, Iowa State College of Agriculture and
Mechanic Arts, and Agricultural Experiment Station,
Ames, Iowa.

BAkER, W. H,, Landscape Photographer, Downers Grove,
.

Banantt, 0. W., Plant Introducer, Office of Seed and
Plant Introduction and Distribution, Department of
Agriculture, Washington, D. C.

Bate, T. C, of H. N. Bata & Sons, Wholesale Grocers,
Ottawa, Can.

BeaL, W. H., Chief, Editorial Division, Qffice of Experi-
ment Stations, Department of Agriculture, Washing-
ton, D. C.

BEAL, WM. J., Professor of Botany, Michigan State Agri-
cultural College, Agricultural College P. O., Mich.
BEATY, J. H. M., Assistant to the President, Victor Manu-

facturing Company, Greenville, S. C.

BeprorD, S. A., Manager, A. E. McKenzie Company,
Seedsmen, Nurserymen and Florists, Brandon, Mani-
toba, Canada.

BEer, WiLLiAM, Librarian, Howard Memorial Library,
New Orleans, La.

BERCKMANS, P. J., Pomologist and Nurseryman, Augusta,
Ga.

BerrY, W. J., Bureau of Chemistry, Department of Agri-
culture, Washington, D. C.

BesseY, CHARLES E., Professor of Botany, Dean of the
Industrial College of the University of Nebraska,
Lincoln, Neb.

BigeLow, W. D., Chief, Division of Foods, Bureau of Chem-
istry, Department of Agriculture, Washington, D. C.

Brack, W. J., President of Agricultural College, Winni-
peg, Manitoba, Can.

BLACKMAN, L. G., Editor of “Hawaiian Forester and
Agriculturist,” Honolulu, H. T.

BOARDMAN, SAMUEL LANE, Editor of the “Bangor Com-
mercial,” Bangor, Me.

Boss, ANDREW, Professor of Agriculture and Animal Hus-
bandry, College of Agriculture and Experiment Sta-
tion, University of Minnesota, St. Anthony Park, Minn.

BowMAN, M. L., Associate Professor in Charge of Depart-
ment of Farm Crops, lIowa State College of Agricul-
ture and Mechanic Arts, Ames, lowa.

BRrADLEY, CEARLES H., Superintendent, The Farm and
Trades School, Thompson’s Island, Boston, Mass.

BREWER, VINCENT C., Farmer, Hockanum, Conn.

Brooks, WM. P., Director, Massachusetts Agricultural
Experiment Station, Amherst, Mass.

BrooxE, F. H., Librarian, Tennessee Agricultural Experi-
ment Station, Knoxville, Tenn.

BRUNER, T. K., Secretary, North Carolina Department of
Agriculture, Raleigh, N. C.

Burrux, B. C., Professor of Agriculture and Horticulture,
College of Agriculture, and Director, Wyoming Ex-
periment Station, Laramie, Wyo.

BURBANK, LUTHER, Plant-Breeder, Santa Rosa, Cal.

BURKETT, CHARLES WM., Director, Kansas Experiment
Station, Manhattan, Kans.

BURNETTE, F. H., Professor of Horticulture, Agricultural
College and State Experiment Station, Baton Rouge, La.

BurriLL, T. J., Professor of Botany, University of Illinois,
and Chief in Botany, Illinois Exper. Station, Urbana, I1l.

Carp, FRED W., Ex-Professor of Agriculture, Rhode
Island College of Agriculture and Mechanic Arts.
Address, Sylvania, Pa.

CAVANAUGH, GEo. W., Assistant Professor of Chemistry,
New York State College of Agriculture at Cormell
University, Ithaca, N. Y.

CHASE, MRS. AGNES, Assistant in Taxonomic Investi-
gations, Bureau of Plant Industry, Department of
Ayriculture, Washington, D. C.

CLARK, GEo. H., Seed Commissioner, Department of Agri-
culture, Ottawa, Can.

CLARK, GEO. M., President, The Cutaway Harrow Company.
Higganum, Conn.

CLINTON, L. A, Director, Storrs Agricultural Experiment
Station, Storrs, Conn.

CLosE, C. P., State Horticulturist, Maryland Agricultural
College and Experiment Station, College Park, Md.
CoLE, JoRrN S., Agronomist, South Dakota Agricultural

College and Experiment Station, Brookings, S. D.

CoNNER, C. M., Professor of Agriculture, North Carolina
College of Agriculture and Mechanic Arts, West
Raleigh, N. C. .

CoNNER, S. D., Assistant Chemist, Purdue University
Agricultural Experiment Station, Lafayette, Ind.

Cook, A. J., Professor of Biology, Pomona College, Clare-
mont, Cal.

Cook, H. E., Farmer, Denmark, N. Y.

Cook, O. F., Bionomist in Charge of Bionomic Investi-
gations of Tropical and Subtropical Plants, Bureau of
Plant Industry, Dept. of Agriculture, Washington.

CRAIG, JOHN, Professor of Horticulture, State College of
Agriculture at Cornell University, Ithaca, N. Y.

DAIN MANUFACTURING CoMPANY, Manufacturers of Farm
Implements, Ottumwa, Iowa.

DEAN, ARTHUR L., 93 Broad St., Boston, Mass.

DEERE & MANSUR COMPANY, Manufacturers of corn and
cotton planting tools, disk-harrows, hay loaders, corn
shellers, etc., Moline, Ill.

DicksoN, A. G., Farmer, Chatham, New Brunswick.

DopsoN, W. R., Director of Louisiana Experiment Stations,
Baton Rouge, La.

DRYDEN, JAMES, Poultryman, Oregon Agricultural College
and Experiment Station, Logan, Utah,

DuveL, J. W. T., In Charge of Laboratory Methods, Grain
Standardization, Bureau of Piant Industry, Department
of Agriculture, Washington, D. C.



COLLABORATORS xv

PARRINGYON, E. L., Woburn, Mass.

Fsut, B P, State Entomologist, Albany, N. Y.

FieLps, Joan, Editor, “ Oklahoma Farm Journal,” Okla-
homa City, Okla.

Foases, R. H., Director and Chemist, University of Ari-
sona Agricultural Experiment Station, Tucson, Ariz.

FosTER, O. L., Commercial Photographer, Lafayette, Ind.

Fox, WiLuau F., Supt. of State Forests, Albany, N. Y.

Feexcd, HiraM T., Director and Agriculturist, Agricul-
tural Experiment Station, Moscow, Idaho.

FuLLes, F. L., Superintendent of Agricultural Societies,
Department of Agriculture, Truro, Nova Scotia.

Garioway, B. T., Chief, Bureau of Plant Industry,
Department of Agricultare, Washington, D. C.

GArMAv, H., Head of Division of Entomology and Botany,
Kentucky Agricultural Experiment Station, and State
Entomologist, Lexington, Ky.

Geo=cesoN, C. C., Special Agent in Charge of Alaska
Investigations (United States Department of Agri-
culture), Sitka, Alaska.

Grprorp, JoBN, Cocoanut Grove, Dade County, Florida.

GoopsrgeD, C. M., Editor and Publisher of “ Special Crops,”
Skaneateles, N. Y.

Gouwp, H. P., Pomologist in Charge of Fruit District
Investigations, Bureau of Plant Industry, Department
of Agriculture, Washington, D. C.

GeEINER, T., Editor, LaSalle, Niagara Co., N. Y.

Guiryrres, DAvID, Assistant Agriculturist in Charge of
Range and Cactus Investigations, Bureau of Plant
Induetry, Department of Agriculture, Washington, D. C.

GuLLY, ALFRED G., Professor of Horticulture, Connecti-
cut Agricultural College, Storrs, Conn.

Havg, C. F., Shelby, Mich.

HaLr, Frank H,, Editor and Librarian, New York Agri-
cultural Experiment Station, Geneva, N. Y.

Harving, H. A., Bacteriologist, New York Agricultural
Experiment Station, Geneva, N. Y.

Hagg, R. F., Professor of Chemistry, New Mexico College
of Agriculture, and Chemist, Experiment Station,
Agricultural College, N. M.

Hagmis, T. J., Superintendent, Agricultural Experiment
8tation, Bermuda.

HexrY, Wu. ARNON, Emeritus Professor of Agriculture,
University of Wisconsin, Madison, Wis. :
Hereick, GLENN W., Professor of Biology, Mississippi

Agricultural College, Agricultural College P. 0., Miss.

Horpen, P. G., Superintendent, Department of Agricul-
tural Extension, Iowa State College of Agriculture and
Mechanic Arts, Ames, Iowa.

Howarp, L. 0., Chief, Bureau of Entomology, Department
of Agriculture, Washington, D. C.

Huwt, TaoMAS F., Dean of the School of Agriculture and
Director of the Agricultural Experiment Station of the
Pennsylvania State College, State College, Pa.

Hurp, WiLLiax D., Dean, College of Agriculture, Univer-
sity of Maine, Orono, Me.

HussmaN, GeorRGE C., Pomologist in Charge of Viticul-
tural Investigations, Bureau of Plant Industry,
Department of Agriculture, Washington, D. C.

Horr, WiLLiau N, State Horticulturist, State Depart-
ment of Agriculture, Raleigh, N. C.

INTERNATIONAL HARVESTER COMPANY OF AMERICA, Chi-
cago, Ill.

Jaxma, C. C., Deputy Minister of Agriculture, Toronto,
Ontarin, Can.

JARDINE, WILLIAM M., Agronomist in Charge of Experi-
ments with Dry Land Cereals, Bureau of Plant Indus-
try, Department of Agriculture, Washington, D. C.

JEFFREY, WiLLIAM H., Historical Writer and Editor-in-
Chief, Historical Publishing Company, East Burke, Vt.

JENKINS, E. H., Director, Connecticut Agricultural Experi-
ment Station, New Haven, Conn.

JonEs, C. H., Chemist, Vermont Agricultural Experiment
Station, Burlington, Vt.

JorDAN, WHITMAN H., Director, New York Agricultural
Experiment Station, Geneva, N. Y.

KEARNEY, THOMAS H., Physiologist in Charge of Alkali
and Drought Resistant Plant Breeding Investigations,
Bureau of Plant Industry, Dept. of Agric., Washington.

KEeNEY, CALVIN N., of N. B. Keeney & Son, Produce
Dealers, Bean Hybridizers and Growers of Seed-beans
and Peas, Le Roy, N. Y.

KiLLEN, J. W., Farmer, Flour and Feed Manufacturer,
Felton, Del.

KmMBROUGH, J. M., Vice-Director and Agriculturist, Geo:.
gia Experiment Station, Experiment, Ga.

KING CoNSTRUCTION COMPANY, Greenhouse Conmstruction
and Equipment, North Tonawanda, N. Y.

KINNE, HiraM E., JR., General Manager, Star Farm,
Cortland, N. Y.

KINNE, LEE, Farmer, Hartwick Seminary, New York.

KYLE, E. J., Professor of Horticulture, Texas Agricultural
and Mechanical College and Experiment Stations, Col-
lege Station, Texas.

Lake, E. R., Forester and Botanist, Oregon Experiment
Station, Corvallis, Ore.

LANE, C. B., Assistant Chief Dairy Division, Bureau of Ani-
mal Industry, Department of Agriculture, Washington.

LATTA, W. C., Superintendent of Farmers’ Institutes, Pur-
due University, Lafayette, Ind.

LAuMAN, G. N., Assistant Professor of Rural Economy,
New York State College of Agriculture at Cornell
University, Ithaca, N. Y.

LigrTY, L. W., Dairy Farmer and Lecturer, East Berlin,
Penna.

LitTLE, ARTHUR D., Chemist and Engineer, Official Chem-
ist, American Paper and Pulp Assoc., Boston, Mass.
LipMaN, JacoB G., Soil Chemist and Bacteriologist, New
Jersey Experiment Station, and Associate Professor of
Agriculture, Rutgers College, New Brunswick, N. J. .

LroyD, E. R., Professor of Agriculture, Mississippi Agri-
cultural and Mechanical College, and Director of
Farmers' Institutes, Agricultural College P. 0., Miss.

MARSEILLES MANUFACTURING COMPANY, Makers of Farm
Machinery, Marseilles, Ill.

MARTIN, T. E.,, Farmer, West Rush, N. Y.

MCFARLAND, J. HORACE, Mount Pleasant Press, Harris-
burg, Pa.

MiLLER, M. F., Professor of Agronomy, Missouri College
of Agriculture and Experiment Station, Columbia, Mo,

MiLLER, W. W., Ex-Secretary, State Board of Agricul-
ture, Columbus, Ohio.

MooRE, CHARLES V., Vice-President John T. Moore Plant-
ing Company, Ltd., Schriever, La.

MoorHOUSE, L. A., Professor of Agronomy, Oklahom .
Agricultural and Mechanical College and Experimen:
Station, Stillwater, Okla.

MoRGAN, H. A., Chairman of College of Agriculture, Pro-
fessor of Zodlogy and Entomology, University of
Tennessee, and Director of Exper. Sta., Knoxville, Tenn.



Xxvl

MortT, SAMUEL R., JR., President, Conesus Lake Ice and
Ice Cream Company, Rochester, N. Y.

MULLIGAN, JAMES J., Editor, “ The Canner and Dried Fruit
Packer,” Chicago, Ill.

Muwmrorp, F. B., Animal Breeder, Missouri Agricultural
College Experiment Station, Columbia, Mo.

Myrick, HERBERT, Publisher, Springfield, Mass.

NaGANT, H., Assistant Editor, ‘Journal d’Agriculture,”
Quebec, Can.

NELSCN, AVEN, Professor of Botany, University of
Wyoming, and Botanist, Agricultural Experiment
Station, Laramie, Wyo.

NortoN, J. B., In Charge of Oat and Potato Breeding
Investigations, Bureau of Plant Industry, Department
of Agriculture, Washington, D. C.

OLIN, W. H., Vice-Dean of Agriculture, and Professor of
Agronomy, Colorado State Agricultural College and
Experiment Station, Fort Collins, Colo.

Ouivierl, F. E,, Toco Estates, Trinidad, B. W. I.

ORANGE JUDD COMPANY, Publishers, New York City.

PaMMEL, L. H., Professor of Botany and General Bacte-
riology, Iowa State College and Agricultural Experi-
ment Station, Ames, Iowa.

PARR, SAMUEL W., Professor of Applied Chemistry,
University of Illinois, Urbana, Ill.

PEAcHY, Miss HATTIE R, Irondequoit, N. Y.

PERKINS, WM. T., Cortland, N. Y.

PETERSON, C. W., General Manager, Canadian Pacific Irri-
gation Col. Co., Calgary, Alberta, Can.

PIERCE BROS., Greenhouse Construction and Equipment,
Waltham, Mass.

PiNcHOT, GIFFORD, Forester, Department of Agriculture,
Washington, D. C.

PrTMaN, J. B., American Manufg. Co., New York City.

PRENDERGAST, MRs. FELIX, East Battery, Charleston, S. C.

PriCE, OVERTON W., Associate Forester, Forest Service,
Department of Agriculture, Washington, D. C.

RANE, F. Wu., State Forester, Boston, Mass.

RATHBUN, R., Assistant Secretary, Smithsonian Institution,
in Charge of National Museum, Washington, D. C.
READEY, J. C., Heidelberg Farm, Tisdale, Saskatchewan.

Ex-Secretary of Agriculture for Prince Edward Island.

REDDING, R. J., Ex-Director, Georgia Experiment Station.
Address, Griffin, Ga.

RoLFs, F. M., Vegetable Pathologist, Missouri State Fruit
Experiment Stations, Mountain Grove, Mo.

RUDDICK, J. A., Dairy and Cold Storage Commissioner,
Department of Agriculture, Ottawa, Canada.

SAUNDERS, WiLLIAM, Director of Experimental Farms,
Department of Agriculture, Ottawa, Canada.

ScHULTE, J. 1., Editorial Division, Office of Experiment
Stations, Department of Agriculture, Washington.

SEVERANCE, GEO., Professor of Agronomy, Washington
State College, Pullman, Washington.

SHARPE, THOS. A., Superintendent, Experimental Farm,
Agassiz, B. C.

Suaw, D. A., President, Florida Tobacco Co., Quincy, Fla.

SHaw, THos., Northwestern Editor, “Orange Judd Farmer,”
St. Anthony Park, St. Paul, Minn.

SHEPPERD, J. H., Dean of Agriculture, and Vice-Director
and Agriculturist, North Dakota Agricultural Experi-
ment Station, Agricultural College P. 0., N. D.

SuoesmitH, V. M., Agronomist, Maryland Agricultural
Experiment Station, College Park, Md.

StProN, Wa., Farmer, Minitonas, Manitoba, Canada.

COLLABORATORS

Surra, C. D., Director and Agriculturist, Experiment
Station, and Dean of Special Courses, Michigan Agri-
cultural College, Agricultural College P. 0., Mich.

SMITH, JARED G., Special Agent in Charge Hawaii Agricul-
tural Experiment Station, Honolulu, H. T.

SouLE, ANDREW M., President, Georgia State College of
Agriculture and Mechanical Arts, Athens, Ga.

STEINWENDER STO ‘FREGEN & Co., Importers, Members of
the Coffee Exchange of the City of New York, Wall
St, N. Y.

STEWART, F. C., Botanist, New York Agricultural Experi-
ment Station, Geneva, N. Y.

Stusss, J. E., President, University of Nevada, and Direc-
tor, Agricultural Experiment Station.

STUBENRAUCH, ARNOLD V., Fruit Traasportation and
Storage Investigations, Bureau Plant Industry, U. S.
Dept. of Agric. Address, Berkeley, Cal.

TAYLOR, F. W., Professor of Agriculture, New Hampshire
College and Experiment Station, Durham, N. H.

THORNBER, W. S., Horticulturist, State Agricultural Ex-
periment Station, Pullman, Washington.

Tiesout, C. A., Truck-grower, Roseland, Louisiana.

TINSLEY, J. D., Soil Physicist, New Mexico College of Agri-
culture and Agricultural Experiment Station, Agri-
cultural College P. O., N. M.

TroOP, JAMES, Professor of Horticulture and Entomology,
Purdue University, Lafayette, Ind.

TRUE, GOrDON H., Agriculturist and Animal Husband-
man, Nevada Experiment Station, Reno, Nev.

VaN SLYKE, L. L., Chemist, New York Agricultural
Experiment Station, Geneva, New York.

Wabpsaums, S. W, Elmwood Fruit Farm, Clarkson, New
York.

WATERS, H. J., Dean and Director, College of Agriculture
and Mechanic Arts, and Exper. Station, Columbia, Mo.

WATHEN, JAMES C., Supervisor, Fermenting Department
and Second Division, Kentucky Distilleries and Ware-
house Co., Louisville, Ky.

WartsoN, G. C., Professor of Agriculture, Pennsylvania
State College and Agricultural Experiment Station,
State College, Pa.

WEesT, GEo. W., Grower and Exporter of Bermuda Bulbs,
Shelly Bay, Bermuda.

WHEELER, H. J., Director, Rhode Island Experiment Sta-
tion, Kingston, R. I.

WaeTzEL, H. H., Assistant Professor of Botany, New
York State College of Agriculture at Cornell Univer-
sity, Ithaca, N. Y.

WiaNcko, A. T., Professor of Agronomy, and Agricul-
turist, Purdue University, Lafayette, Ind.

WicksoN, E. J., Horticulturist, Experiment Station of

. University of California, Berkeley, Cal.

WicHT, W. F., Assistant Botanist, Taxonomic Investiga~
tions, Bureau of Plant Industry, Dept. of Agriculture.

WiLLIAMS, C. B., Field Crops, North Carolina Department
of Agriculture, Raleigh, N. C.

WILSON, C. S., Instructor in Horticulture, New York State
College of Agriculture at Cornell University.

WiLsoN, T. B., Fruit-Grower, Halls Corners, N. Y.

WITHYCOMBE, JAM+S8, Director and Agriculturist, Oregon
Experiment Station, Corvallis, Ore.

Woops, CHARLES D., Director, Maine Agricultural Experi-
ment Station, Orono, Maine.

ZAviTz, C. A., Professor of Field Husbandry and Director
of Experiments, Ontario Agricultural College, Guelph.



PART 1

THE PLANT AND ITS RELATIONS

PLANTS AND ANIMALS COMPRISE THE PRODUCTS OF AGRICULTURE. The plants make it
possible for the animals to live. The purpose of this volume is to discuss the plant products of the
farm; and the first general subject that may receive attention is a discussion of the plant in its physio-
logical relations with its environment and with various practices of the cultivator.

In its broadest application, agriculture is concerned with all plants that are grown by man, whether
for his own direct use in food and clothing and shelter, or for his animals, or for the gratification of his
asthetic tastes. The kinds of plants that are grown for his own sustenance and protection and for his
animals are comparatively few, and they are the ones intended in this Cyclopedia. The number that are
grown to satisfy his artistic tastes are legion and they cannot be enumerated here; these are recorded,
for this country, in the Editor’s Cyclopedia of American Horticulture. All so-called horticultural plants

and crops, whether for food or ornament, are included in that work, and therefore the

3 fruits and vegetables are given only short and summary treatment in the present vol-
A ume; and for the same reason, discussions of horticultural practices are omitted here.
The vegetable kingdom is of marvelous diversity. Any observing person has only to

recall the range of his own observation to illustrate how true this is. From trees to

Fig. 1. The parts of one of the flowering
or seed-bearing plants. One of the
ornamental beans.

B1

water-plants and ferns and mushrooms and sea-weeds is a far sweep
of organic forms. A glance at the contrasts of Figs. 1 to 3 enforce
this range of the vegetable kingdom. Some of its members, as the
bacteria, are even microscopic and not attached to the earth or
other support. Some of these minute forms have the power of
moving in their liquid habitation. The bacteria subsist on food organ-
ized by other plants or by animals, sometimes existing on the living
body, when they are said to be parasitic, sometimes on disorganizing
or decaying matter, when they are said to be saprophytic. Some
plants, of larger size and more complex structure, become individu-
ally attached to a host plant, practically taking root thereon, as the
mistletoe. Such plants may have foliage or green leaves, or they
may be blanched and unable to organize food for themselves. The
mushrooms and toadstools, representing the so-called higher fungi,
are saprophytic on decaying matter in the ground or in old logs
and litter. Most plants, however, are earth-parasites, fixed in the
soil, drawing their food from it and supplementing this supply from
the carbon of the air. Plants have become adapted to all places on
the earth where life is possible, modified in duration, form, stature
and physiological action. They have also become adapted to the
struggle for existence with each other, contending for space and
light. Some are creepers on the ground; others climbers on rocks
and on their fellows ; others tower above all competitors. Some are
adapted to shady places. Some inhabit the water; others have
escaped to the marshes, the plains and the hills. In the long pro-
cesses of time, one kind has given rise to other kinds. Some forms

" have died and are lost. The plant creation is plastic, abounding

and living. This creation stands between man and the soil of the
earth.

(¢}
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The most marked division line in the vegetable kingdom is between the flowerless plants and the
flowering plants, the former including all bacteria, yeasts, fungi, alge (to which the sea-weeds belong),
liverworts, lichens, mosses, ferns. The demarcation between these two groups is not so marked morpho-
logically as it was once supposed to be, and the present tendency is to drop the distinction as respects
the flowerless or flowering feature, and to speak of one group as spore-bearing and the other as seed-
bearing ; even this distinction is not wholly true, but the morphological phase of the subject does not
need consideration here, and the two groups, being natural, may be maintained even if the terminology
is unsatisfactory. The seed-bearers naturally divide into the gymnosperms, in which the ovules are
naked (not inclosed in an ovary or pericarp), and the angiosperms, or ovary-bearing plants. The former
include the pines, spruces, firs, larches, cedars, yews, and some other woody plants. Geologically, the
group is old. The angiosperms comprise all the remainder of the flowering plants, making up by far the
larger part of the conspicuous flora of the earth.

Pig. 2. A fern, one of the vascular (or vessel-bearing) floweriess plants. The fruit-bodies, bearing spores, are shown
on the back of a leaf at O.

The custom has arisen of designating the kinds or species of plants by Latin-form names in two
parts,— the first part or word standing for the genus or race-group, and the second part standing for
the particular species or kind. Thus, all kinds of true clover belong to the genus Trifolium. The alsike
clover is Trifolium hybridum; the white clover, T. repens; the common red clover, T. prafense; the
berseem, T. Alexandrinum. Varieties of species, or subordinate forms, are designated by a third Latin-
form word, as Trifolium pratense var. perenne, for the true perennial form of red clover. These names
are always used with precision for one particular kind of plant, and they afford the only means of desig-
nating them accurately. Common or English names are of little service, as now used, in distinguishing
species accurately.

Plants are also assembled in families, which are groups comprising genera that naturally resemble
each other in certain bold or general characters. The farmer is specially concerned with the members
of some of the family associations. The grass family, or Graminee, includes all the true grasses and the
cereal grains, such as maize, wheat, oats, barley, rye, rice; also, sorghum and sugar-cane. The roee
family, Rosace®, contains many of the fruits,—all the stone-fruits and pome-fruits, raspberry, black-
berry, strawberry. The pulse family, Leguminose, comprises the nitrogen-gatherers,— all peas, beans,
clovers, vetches, alfalfa. The mustard family, Crucifere, includes all the mustards, cabbages and kales,
rape, turnip and rutabaga, radish. The nightshade family, Solenacee, includes potato, tomato, egg-
plant, pepper, tobacco. The rue family, or Rutacee, comprises all the citrous fruits, as orange, lemon,
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lime, kumquat, grape-fruit. Other families contain only one or two agricultural plants of commanding
importance ; as cotton, of the Malvacee or mallow family ; flax, of the Linacee or flax family; buck-
wheat, of the Polygonacee or knotweed family; beets and mangels, of the Chenopodiacee or pigweed
family ; sweet-potato, of the Convolvulacee or morning-glory family.

The number of distinct species of flowering plants now described is about 125,000. What this vast
number has so far contributed to the food requirements of man has been made the subject of an inquiry
by Sturtevant (Agricultural Science, iii, p. 174). Basing his list on Bentham and Hooker’s ‘General Plan-
tarum” (1862-1883), in which about 110,000 species of flowering plants are recognized, in some 200 fam-
ilies and 8,349 genera, he arrives at the following figures : 4,233 species, belonging to 170 families and
1,353 genera, are known to have furnished food for man either habitually or during famine periods;
1,070 species, belonging to 92 families and 401 genera, are or have been cultivated for human food. Among

Fig. 3. A mushroom, one of the non-vascular flowerless plants. It is saprophytic.

flowerless plants 431 species have been recorded as edible, but only 5 or 6 are cultivated. In other words,
about 33 per cent of the known species of flowering plants furnish parts which can be eaten, and nearly
1 per cent are or have been cultivated for human food. About 300 species are cultivated to an impor-
tant or commercial extent.

De Candolle, in “Origin of Cultivated Plants,” discusses the origins of 247 species which are
“cultivated on a large scale by agriculturists, or in kitchen-gardens and orchards.” These belong to 51
families. They may be tabulated as follows :

NATIVE 70 THE OLD WORLD NATIVE TO THE NEW WORLD
A. Cultivated for more than 4,000 years . 44 D. Very anciently cultivated . . . . . . .. .
B. Cultivated more than 2,000 years . . . 47 E. Cultivated when America was discovered, but
C. Culture less than 2,000 years . . . . . 61 lessancient . . . ....... ...
Doubtful . . ... ... ..... 47 F. Cultivated only since discovery of America . . 6
1—99 Doubtful . . . ... ... ...... 10

Of A, 50 per cent are annuals, 5 per cent biennials, 4 per cent herbaceous perennials, 41 per cent
ligneous perennials.



4 THE PLANT AND ITS RELATIONS

Of C and F, 37 per cent are annuals, about 8 per cent biennials, 33 per cent herbaceous perennials,
and about 22 per cent ligneous perennials.

Among all seed-bearing plants, “the annuals are not more than 50 per cent, and the biennials
1 or at most 2 per cent. It is clear that at the beginning of civilization plants which yield
an immediate return are most prized. They offer, moreover, this advantage, that their cultivation
i8 easily diffused or increased, either because of the abundance ef seed, or the same species may
be grown in summer in the North, and in winter or all the year round in the tropics.”

Of the 247 species, 193 have been found wild, 27 half-wild or spontaneous and 27 are entirely
unknown in a wild condition. Of the species in A and D, 63 per cent are known wild, and, of less than
2,000 years, 83 per cent.

Seven species (including the broad bean, tobacco, wheat and maize) appear to be extinct (or at least
anknown) in a wild state.

The nativity of three ancient species of the group A is unknown—common bean (Phaseolus vulgaris)
and two squashes (Cucurbita moschata and C. ficifolia).

The very ancient species, group A, “are especially plants provided with roots, seeds, and fruits
proper for the food of man. Afterwards come a few species having fruits agreeable to the taste,
or textile, tinctorial, oil-producing plants, or yielding stimulating drinks by infusion or fermentation.
There are among these only two green vegetables, and no fodder. The orders which predominate
are the Cruciferss, Leguminos®, and Gramines.”

In De Candolle’s discussion are not included several North American species that are now cultivated,
as the native plums, cherries, raspberries, blackberries, and even the native grapes (on which a good
part of our viticulture is founded). The addition of these would modify some of the above figures.
For accounts of these plants, see Bailey’s “Evolution of Our Native Fruits.”

The Cyclopedia of American Horticulture (1900-1902) describes 8,793 recognized species, practically
all of which had been offered for sale by dealers in North America. If the cultivated plants of the
world had been included, the number would have been greatly extended. In addition to these, 3,635
recognized Latin-name varieties were admitted, making a grand total of 12,428 plants; most of these
varieties were of horticultural origin. The total number of binomial and trinomial Latin names
accounted for was 24,434, half of them being regarded as synonyms ; some of these names are, perhaps,
of plants that should be recognized as distinct (not synonyms), and therefore the above grand total may
merit some expansion. Of course the greater part of all these thousands of plants are grown for orna-
ment, and the greater part of them have not yet been modified to any extent by man. All these figures
suggest that the contribution of the vegetable kingdom to the demands of civilization, while large
at present, is likely greatly to increase.

Cultivated plants may be thrown into four broad classes: those grown for domestic animals ; those
grown to provide shelter and clothing for man ; those that provide edible, condimental or medicinal
parts or products for man; those that appeal to the artistic impulses. These are not cultural groups
however; nor is it possible to make any consistent cultural classification, since all groups overlap.
Perhaps we cannot do better, as a rough working classification, than to make the following somewhat
indefinite associations :

Forage and fodder crops Stimulants

Cereal grains Aromatic and medicinal plants
Root crops Perfumery plants

Fiber crops Fruit (pomological) crops
Sugar plants Vegetable-garden crops

Oil plants Ornamental plants

Dye-stuff plants Timber crops
Beverage-producing plants Manuring crops

In the present volume it i8 proposed to consider in some detail the important field crops, excepting
such as ordinarily fall under the department of horticulture. The leading medicinal crops are admitted
for brief discussion, and many incidental plants are mentioned, in order to make the book useful for
reference. It is the purpose of this Cyclopedia to catch the spirit of the main agricultural industries
in North America.



CHAPTER 1
STRUCTURE AND PHYSIOLOGY OF THE PLANT

EXERCISE TWO SETS OF FUNCTIONS,—GROWTH AND REPRODUCTION.
gher plants may be said to have three sets or classes of organs : those that have
n with the soil ; those that have relation with the atmosphere and sunlight ; those
soncerned in reproduction. For purposes of identification and description, and
him to read current literature intelligently, the farmer needs some account.
rgans, and perhaps, also,

A the gross features of
ny of the stem.

.al organs.

rgans of the root series
fferentiated. We do not
uiovsug uion piauts by means of their root
characters, both because the roots are not
clearly designative in most cases and because
they are hidden. The most that we ordinarily do
i8 to divide roots into fibrous-form and tap-form.
The parts of the root are distinguished as to
their physiological functions rather than their
taxonomic or descriptive values. The general
form of the root is determined by the species;
but its details are conditioned on the particular
soil in which it grows. It is often said of
orchard trees that the roots extend as far as the
branches of the top; but the root system may b
more than the top in horizontal and vertical extent
ing on circumstances. Yet there is a distinct root
even as between varieties of apple trees. In th
crops, the root habit is often characteristic, and
much more attention than it has yet received b
tors (Fig. 4). The farmer may examine carefully t
and stalks of his grass and wheat, but he seldom
the roots. Food for man and his animals is pro
many thickened roots, as the greater part of the s
of carrots, parsuips, turnips and beets.

The stem, as named by the botanist, is the fr
on which the leaves and flowers are borne. The
growing parts of it, containing chlorophyll, may
as foliage ; but the main office of the stem is t
support. The stem may be very short and thicl
“crown” of turnips and beets, carrying the leaves
be exceedingly slender and light, as in the stra
and grasses; or it may be high and massive :
trunks of trees. Sometimes the stem is subterr........, ... -
which case it is distinguished from roots by its buds or ~ Fi&- ¢. Comparison of root systems of barley

above), and Indian below). (M1
“eyes,” and rudimentary leaf-scales: the tuber of the Irish (;mﬂ:n::.d guuo,:)m( ). (Minnesot

®)
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or round potato is an example, and also the creeping rhizomes of quack-grass and other grasses. It
will be noted, from this dlscussnon, that the botanist, by the word stem, means to designate the leaf-

A bearing axis and its branches and modifications, and not the
stalks of leaves and flowers. Thus, in the plantain and dandelion
i (Figs. 5, 26), the stem is very short, bearing a rosette of leaves
{ at the ground; and from this arise the flower-stalks. In useful
products, the stem provides timber, some of the fibers, and
much of the forage; and it also provides human food, as in
the potato, asparagus, onion, kohlrabi, sugar-cane.

The leaves arise normally from the joints or nodes of the
stem. Usually a bud is borne in the axil or upper angle made
by the leaf with the stem. The bud is a very short and unde-
veloped branch. If the plant is dormant a part of the year in
consequence of cold or dry, or because of other hereditary habit,
the leaf usually falls and the bud remains quiescent till the
growing season returns : it is then spoken of as a winter bud.
Sometimes the bud remains quiescent, but alive,
for a longer period, in rare cases even for
years : it i3 then called a dormant bud (Fig.
6). The older the dormant bud, the less the
likelihood that it will grow, in case necessity
should arise. The common notion that old dor-
mant buds are readily forced into growth by
" pruning needs correction. In cases of heavy
pruning, new shoots on old wood are more
likely to arise from buds that are formed for the
Fig. 5. A so-called stemless plant (narrow-leaved plantain), the Occasion, without reference to leaves and with-

stem rising little above the ground. The long flower-stalks (in out order ; these are known as adventitious

such cases called scapes) spring from the stem. buds (Fig. 7.

If the bud “grows,”—that is, if anything issues from it—it produces a branch. The branch may be
exceedingly short, and bear only one or two leaves, or it may be several feet long and bear many leaves.
If its destiny is to produce only foliage, it is known as a leaf-bud ; if to produce flowers, it is known
as a fruit-bud or flower-bud. Peaches and apricots produce typical fruit-buds (Figs. 8, 9). Apples and
pears bear both true leaf-buds, and fruit-buds that give rise to flowers and leaves (Figs. 6, 10)—for
the flowers of these trees are in clusters or bouquets accompanied by foliage.

Fruit-buds are distingunished by shape and position. Inshape,
as compared with leaf-buds they are usually relatively broader
and more rounded, and they are likely to be more conspicuously
fuzzy (Figs. 6, 8, 11). The posi-
tion of the fruit-bud varies with
the species. In most of the pome
fruits — apples and pears — these
buds are on spurs (very short
branches, Fig. 6), or sometimes
terminal on long axial shoots. In
peaches, the fruit-buds are lateral
on the current year’s growth, usu-
ally one on either side a leaf-bud
(Fig. 8). In plums and apricots,
they are both on spurs and lateral
on the long growth. The produc-
tion of fruit-buds may be infla-
enced to some extent by pruning,
although this influence is not ex-
act and definite. Pruning should g0 ¢ pruie-buds of apple. on
always be practiced in full knowl-  spurs; a dormant bud at the top.
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! edge of the position of the fruit-buds, in order that such buds may be saved or thinned, as the case may
require. Merely to cut off limbs does not constitute pruning.

A leaf may comprise three parts,—the expanded part or blade ; the stalk or petiole ; appendages at

or near the base of the petiole, known as stipules. These parts are shown in Fig. 12. Very many kinds

of leaves bear no stipules. Many leaves also lack petioles or are sessile. The blade of the

' leaf is distinguished in form by comparing it with geometrical figures, as circular, rhom-

boidal, ovate, oblong, linear; or with familiar objects, as kidney-form or reniform, heart-

shaped, lanceolate or lance-form, needle-shaped. The margins are distinguished as serrate

or saw-toothed, dentate or toothed, sinuate or wavy, or as entire ; and many other techni-

cal terms are used in descriptive works to distinguish leaves, in order to identify the species

to which they belong. The leaf-blade may be of one piece, when it is said to be simple ; or

of two or more separate pieces, when it is said to be compound (Fig. 13). Leaves are com-

mon sources of food for domestic animals, forming a good part of the substance in hay and

forage ; they also afford human food in lettuce, rhubarb (petioles), celery (mostly petioles),

’k-;. salads and “greens.”
Two fruit- All plant organs are usually explained in terms of roots,
n::ln stems or leaves,—that is to say, the other organs are supposed to
amtbod be derived from one or the other of these three types. Thorns

betwess. and spines are branches (stems) in the hawthorns ; leaves in the
barberry ; stipules in the common locust ; outgrowths of the stem in common
briars and many desert plants. Climbing organs are roots in the English ivy,
trumpet creeper and poison ivy; main stems in hop and morning-glory :
branches in the grape and Virginia creeper; leaf-blades in peas; petioles in
some species of clematis; probably stipules in some kinds of smilax.

Flowers are supposed to be historically derived from leaves, as explained

in the succeeding article. The parts of a flower may be in as many as four
series (Fig. 14),—the calyx or outer part, usually most like the foliage leaves ;
the corolla, usually the showy part; the stamens or pollen-bearers; the pistils
or seed-bearers. If the calyx has separate leaves, they are called sepals ; if the pig. 9. Fiowers of peacn, one
corolla has separate leaves, they are called petals. The from each bud.
end of the stem on which the flower sits is called the receptacle or torus. All these
parts are explained in Figs. 14, 15, 16, 17, 18, 40. Often, numbers of flowers are
combined into one group or cluster ; sometimes the cluster is so dense and definite
as to appeal to the non-botanist as one flower, as in all the composites, of which
the sunflowers and asters and goldenrods and thistles are examples (Fig. 16).
Sometimes the cluster is less definite and yet compact enough to make a single
impression, as in the clovers. Dried flowers form part of the substance of hay and
forage. Flowers or flower parts or heads are sometimes eaten by man, as in the
true artichoke, and also in caulifiower and pineapple in which the edible part is
made up of a mass of thickened stem and flowers.
Jeaves and flowers The fruit, in technical and botanical usage, is the ripened peri-
that came fromthe  carp (or ovary) and all the parts that are coalesced with it. In the
agricultural plants, the pericarp may or may not be wholly free
of adjacent parts. It is free in the cereal grains, and also the pod-fruits of the legumes
(peas and beans and all their kin), the fruits of the orange kind, of tomatoes and pep-
pers, the stone-fruits, and cotton, and the banana. The apple and pear are carpels (a
compound pistil) imbedded in a thickened stem, the carpels forming the core. Melons,
pumpkins and squashes are of similar morphology,—the turban squashes show the struc-
ture. The strawberry has many fruits imbedded in a pulpy stem or torus. The raspberry
is formed of many cohering drupes. The blackberry is formed of cohering drupes
attached to a specialized torus or stem. The fig is a hollow torus or stem with many
fruits on the inside ; it may be likened to a strawberry turned inside out. The mulberry
is a cluster of ripened fruits; the bread-fruit is similar. The gooseberries (Fig. 19) are
ripened ovaries, the dried flower-parts remaining attached. Currants are similar, but

the Aower-parts usually drop early. Some fruits, as the chestnut (Fig. 20) and walnut,
are contained in burs or husks that are no part of the fruit itself.
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The stem structure.
The internal structure of the plant does not give rise to such definite parts or organs as appear in the
external conformation. The plant-body is made up of cells. Some of these cells perform one work and
some perform another work. The fundamental tissue
is parenchyma. In this tissue the cells are very simi-
lar one to another, more or less cubical or equal-
sided, or at least not greatly elongated. The vital
N processes take place in the parenchyma. Out of the
/" parenchyma the other and special kinds of tissue develop.
The special cellular structures in the stem are chiefly mechanical tis-
sues of two general kinds of elongated cells, —those that support the plant
or contribute to maintain its form and stature, those that transport the
fluids. The supporting tissues, giving rigidity to the plant, are of two kinde in
respect to the structure of the cell-wall : those in which the cells are thick-
ened or strengthened in the angles (collenchyma, Fig. 24), and those in which
the cell-walls are thickened throughout (sclerencyhma). The conducting
tissues are also of two kinds : those with trachea-like walls, marked with
rings or pits, and those with punctured or sieve-like walls. The supporting
. tissues may be in the epidermis of young or of small stems, in the bark, or
N = placed inside the
V48 woody cylinder.
Fig. 12. Leaf of apple, showing T he conducting
blade, petiole, and small nar- tissnes are usu-
Tow stipulse. ally definitely
placed, and these we may consider further.
The development of these mechanical tis-
sues (for transportation and support) results
in the formation of vessels, or systems of spe-
cialized tissue in particular parts of the stem.
Vessel-bearing plants are said to be vascular,
in distinction from certain very low orders of
plants in which no special tissues of this kind

have been developed. Pir. 13. 4 compound of bnnchin.lileu (© o, a

: new vege apan, a species of aralia .

) It is well known that trees of temperate The loaf at the Jeft is in three parts, encl
climates and very many other plants have a part again divided.

distinct and separable bark and that they increase in diameter by “rings” added on the woody cylin-
der. On the other hand, palms, grasses, bananas and many other mostly herbaceous plants increase in
diameter by means of tissues scattered through the stem; these plants do not make an annual ring, and
they rarely branch extensively. The former kinds of plants were formerly called exogens, or outside-
growers, and the latter endogens or inside-growers. These terms are now given up, however, as not
expressing good anatomical distinctions. These classes of plants are now named from the cotyledon or
seed-leaf characteristics,—the former having two leaves on the embryo plant, and called dicotyledons;
the latter having one leaf in the seed
or embryo, and called monocotyle-
dons.

In most dicotyledonous plants we
all recognize three fairly distinct
parts of the stem, at least at some
epoch in the life of the plant: the
bark, the woody part, the pith. These
parts are usually not clearly set off
in the minute anatomical structure,

Fig. 14. Parts of the plum flower. se, however ; but we may pause a mo-

sepal; p, petal (three are shown); sta, ment to discuss them. Long tissues,
stamens; os, pistil, in three parts—o the .

ovary. s the style, st the stigma. The . extending lengthwise the stem or
top of the stem (below o) is the torus. leaf, formed of elongated cells placed
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end to end or closely interlapping, are usually associated in more or less definite strands or bundles
(Fig. 21). It is these strands, or parts of them, that produce the commercial fibers.

The bundle, running lengthwise the stem, is composed of two parts or regions : the xylem or wood
part, lying on the inward side of the bundle as it stands in the stem; the f
phloém or bark part, lying on the outward side. These bundles stand side by
side around the outside of the woody cylinder, with the pith or undifferen-
tiated parenchyma at the center of the cylinder. These bundles therefore
make a continuous ring. However, the bundles are themselves supplied,
when growing, with living parenchyma, called cambium, from which new cells
are formed for both the xylem and phloém regions of the vascular bundles.
Inasmuch as the bundles form a ring about the stem, so the cambium that
accompanies them also forms a ring. The parenchyma tissue extends outward

from the pith between the bundles (or the bundles are
imbedded in the parenchyma), causing the rayed appear-
ance of the stem in cross-section.

The xylem part of the bundle contains the trachea-
like spiraled or pitted vessels. These are the routes
through which the water ascends from the root. The
phloém part containing the sieve-tubes transports the Begonia flowers,
organized food, or “elaborated sap,” after it has been ~ $hoWin€ fhe |
formed in the leaves; this food is transported to all parts sbz:mmz: o ::mle 'ﬂowtlsr
of the plant to build new cells, or sometimes to be stored ~ 200ve: plstliate or Tema e
until needed. The supporting tissue may be associated with e hon ot By at A
the vascular, or fibro-vascular, bundles. Bast is schleren-  there is none.
chyma tissue growing with the phloém. The xylem and phloém regions separate
as they grow, the former becoming part of the wood and the latter part of the
inner bark. The outer separable part commonly called bark is a very complex
structure, being formed of the cortex or skin of the stem and the cork and
strengthening tissues formed therein, the old and dead or dying phloém, and the
new phloém that is just forming from the cambium in the vascular bundle. The
xylem grows old and dies; the dead tissue becomes filled and hardened in firm
wood; new xylem tissues are / \
added on the outward side. The ., \ n \\

phloém grows old and dies; the ) '
dead parts are added to the bark; ~—/ 4 \

new phloém tissues are added om ~_':’T A
the inward side. The fibers of hemp _\,;"_.., =X
and flax are derived from the ~ RN
phlosm. NS
In monocotyledonous plants, as \\; AR
m’;:;afmxm grasses, sedges, orchids, bananas, N '
.V HEA R %
m:' A palms and all lily-like plants, there R /\ \

head, the outer ones are vascular bundles with xylem
each bearing one long and phloém regions, but the btun- “~

»

o S 2

petal or rag. dles are scattered through the - “:\ “3
stem and therefore do not form an exterior ring, and v 1
there is no true pith. Moreover, these bundles do not % ¥
contain cambium, and therefore, the stem does not :ﬁ ‘g
increase much in thickness and does not have a distinct ~

separating bark (Fig. 22). The fibro-vascular bundles are rig. 1s. ge“m:a sexes in mce: ,:,:,im), -r;e .:.,s
very evident in the stem of Indian corn, and can be pulled inate flowers (in clusters called catkins) at B; pistil-
ont.y There are some commercial fibers produced by (st fowers: each with two stigmes, at A.
plants of the dicotyledonous kind. Manila hemp is from a species of banana, and sisal hemp,
from an agave, one of the century plant group; these fibers are derived from the entire bundle,
both xylem and phloém, and this origin probably accounts for their stiffness and hardness and their
resistance to abrasion.
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Longevity of the plant.

In duration, plants are of extreme types. Some kinds live only a few weeks; some of the trees live
for many centuries. It is customary to classify all plants into three groups as respects duration:
annuals, living not more than one year from seed to seed, as the cereal
grains and most garden vegetables; biennials, living two years, usually
perfecting seed the second year, as beets and parsnips, common mullein ;
perennials, living more than two years, as asparagus, alfalfa, bushes
and trees. These divisions are not at all exact, however. Annuals are
of longer or shorter life within the year, some maturing and dying
very quickly from the seed, as the garden cress, and others requiring
practically the twelvemonth. Some plants are annual because they are

destroyed by frost, and others because they
normally complete their growth : the latter,
of course, are the true ax‘muals. Those that Fig. 19. The m s a true fruit,
would outgrow the year if they had oppor-  or ripened ovary. The remains of
tunity have been called plur-annuals: they  ® flower are shown at c.
are plants that have been taken into a
shorter - season year, as tomato, castor
bean. Plants that are annual in one region,
therefore, may be biennial or perennial in
another region. Some plants are appar-
ently annual although they live from year
yto year, carrying themselves over by
means of bulbs or tubers, as onions and
moti:n 5%:3’2 potatoes : these have been called pseud-
;""‘“ part, with largeopen- gpnyalg (false annuals). The mullein, bull
ngs, is on the inner side, . . .
the phlosm on the outer thistle and teasel are true biennials, part
side. Pithat P. of the growth occurring one year and the pyz 20, In the chestnut, the nuts are
completion of the lifecycle the second year. Certain perennials have the true fruits. They are contained
been bred by man to be biennials, as the cabbage and probably some in & husk.
root crops. Some of the root crops are really annual, as they complete the full cycle in one season if
started early, as the radish. Whether a plant is biennial is often determined by the region in which it
grows. There is the widest range in the length of life of perennials. Red clover is a perennial, but very
imperfectly so; some forms of it thrive only two years, although they may persist longer. Most peren-
nial herbs are at their greatest vigor the second and third years, as the strawberry, and then gradu-
ally weaken, and sometimes even die before very old, new plants having been formed in the meantime.
Gardeners know that the best bloom with pinks and hollyhocks and many other showy perennials is
secured from plants that are only two or three years old. Sometimes the renewal is accomplished by
dividing the old roots.
Societies of plants.

Since plants contend with each other and
since different kinds have been driven into
similar places or regions, it follows that
certain kinds have come to grow together,
forming plant societies or communities. A
certain set of plants live together in a
swamp, and another set on a hill, another
in a meadow, and another set in a cotton-
field or a corn-field. Certain plants grow
under or over other plants: grass and
bushes may grow under trees; corn grows
above the pumpkins that are planted with it.

Fig. 22. The columnar trunk or stem of a monocotyledonous plant, Wherever plants grow, they are in societies ;
not increasing much in diameter. Henequen (Agave rigida var. that is, they grow together for certain rea-

elongata), sixth crop bel cut, two outer rows of leaves cut
every eicht.months. pYuel.nt:n. sons,—they are adapted to each other or to
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the place. Some societies seem to be largely accidental in population, however, and others seem to be
governed by definite laws or relationships. These laws of adaptation are very little understood. It is
now suspected that there may be positive physiological incompatibility between some kinds, and toler-
ance, congeniality or even symbiotic relationships between others. Under some kinds of trees, for exam-
ple, certain kinds of herbaceous plants may thrive and others may perish, even when both are equally
exposed to sunlight : it is doubtful whether this difference is to be explained by competition for food or
moisture. We do not know why some weeds thrive in a corn-field and others do not. There may be
bacterial or other organic relations between some kinds. There may be root-excretions that are hurt-
ful to some plants and harmless or even useful to others. Perhaps the crop rotations thai experience
has found to be useful are dependent in some measure on such vital relationships as these.

THE PLANT: ITS STRUCTURE, LIFE-PRO-
CESSES AND ENVIRONMENT

By W. J. V. Osterhout

Plants resemble animals in their fundamental
life-processes and in their essential requirements
of food, air, water, warmth and light. But the
green plants possess an important advantage over
animals since they are able to manufacture food
from air and soil-water. This process depends on
the action of chlorophyll (leaf-green) in the sun-
light, by the absorption of which the necessary
energy is supplied. Other differences between
animals and plants, as that plants take up food in
dissolved form only and have cellulose walls, are of
minor importance.

The cell : protoplasm.

Plants are composed of cells of microscopic size,
the outer walls of which are usually of cellulose
(the substance of which paper is made). Figs. 23,
24 represent plant-cells. Within the non-living
cell-wall is contained the living part, consisting of
a transparent, jelly-like colloid substance called pro-
toplasm. Its principal constituents, besides water,
which constitutes 80 to 90 per cent of the plant,
are proteids (white of egg substance), fats and oils,
sugars and various salts.

Protoplasm is able to build new living protoplasm
from the lifeless materials at its disposal; it can
grow and reproduce ; it has the power of movement
and of responding to stimuli. It conducts complex
chemical processes (metabolism), by means of which
the living substance is built up (constructive me-
tabolism) or torn down (destructive metabolism).

Pig. 23. A vlant cell. The figure shows the rotation of pro-
toplasm. (Elodea, or Anacharis.)

All the characters of the organism are an ex-
pression of the activity of its protoplasm. As long
as certain chemical and physical processes take
place in the protoplasm we say the organism is
alive ; when these stop, we say that it dies. Such
substances in the cell as enter into these processes
we regard as living ; others, as starch grains, which
take no part in them, we regard as dead. The latter
may at any time enter into these processes, as when

starch is converted into sugar, and so become
part of the living substance. The transformation
of lifeless into living substance, and vice versa, is
constantly taking place. Protoplasm may be killed
in a variety of ways, as by electric shock, heat,
light, mechanical injury or poisonous substances.
Within the protoplasm, or cytoplasm, of the cell
is contained a body, usually spherical or ellipsoid
in shape, called the nucleus. It contains a deeply
staining substance
called chromatin.
There is abundant evi-
dence that the heredi-
tary characters, those
handed down from par-
ent to offspring, are
somehow bound up in
the chromatin, and
that it is the union of
chromatin from both
parents in the act of
fertilization which
causes the offspring to
partake of the char-
acters of both. It has
been demonstrated that if the offspring receives
protoplasm from both parents but chromatin from
only one, it shows the characters of only that one.
The division of the cell is accompanied by a
division of the nucleus, which may be either direct
(amitosis) or indirect (mitosis). In direct division
the nucleus constricts in the middle and the two
halves simply pull apart. In indirect division the
chromatin breaks up into a number of bodies
(chromosomes), whose number is constant in each
sgecies. They arrange themselves on a spindle-
shaped body, known as the mitotic spindle, and
each chromosome breaks into two, the halves going
to opposite ends of the spindle and there forming
daughter-nuclei. A cell-wall is formed midway
between these, dividing the cell into two (Fig. 25).

Plant organs: structure and function.

The plant body is divided into root, stem and
leaf. The structure of each of these organs is
adapted to the work it performs. Structure and
function will here be considered together.

The root.—The principal work of the root is to
explore the soil for moisture. It is unerringly
guided downward by gravity, which acts as a
stimulus, causing the upper side of the root to
grow faster than the lower side, hence forcing the

Pig. 24. Common cell forms. The
walls are thickened at the
angles, forming strengthen-
ing tissue. This kind of tis-
sue is known as collenchyma
(page 8).
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tip downward, no matter how it be placed. Mois-
ture attracts the root very strongly; roots have
been found in cisterns as much as 200 to 300 feet
from a tree.

There are two principal kinds of roots, one of

Pour steps in process of cell-division.
left, far advanced in divison; daughter-cell at right.

Fig. 25. Mother-cell at

which, the tap-root (Fig. 26), goes deep into the
soil, growing straight down and sending out lateral
roots at intervals. The other spreads out near
the surface of the soil (Fig. 27) and consists of a
mass of fine rootlets. It hasthe advantage of estab-
lishing itself quickly and absorbing moisture vigor-
ously from the start, thus inducing a rapid growth
of the plant. But it cannot utilize the deeper soil
food nor withstand drought. On the other hand,
tap-roots many endure long periods of drought: the
long-rooted Peruvian cotton is said to survive a
rainless period of six years.

A well-developed root system forms a mass of
finely interlacing filaments that thoroughly ex-
plore the soil. The total length of these has been
estimated at a quarter of a mile for a vigorous
corn plant, while measurements on a squash vine
proved the root to be over fifteen miles in length,
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Pig. 26. Tap-root. Dandelion.

the greater part of this being produced at the rate
of a thousand feet per day.

Because of need of air, most roots are unable to
thrive in wet soil, and their best work is done in

soil in which the water is held in a thin film around
the soil-particles. Each particle constitutes a
minute water reservoir. To reach and tap these
reservoirs is the work of the root-hairs, which ap-
pear just back of the root-tip as outgrowths from
the surface cells of the root (Figs. 28 and 29).
They force themselves energetically between the
soil-particles and attach themselves so closely
that they often break off rather than loosen their
hold when the root is pulled up. Thus they come
into contact with the water-films that surround
the particles, and by means
of water -attracting sub-
stances within the root-hair
they pull the water away
from the particles. Aseach
tiny reservoir is emptied of
its supply, water flows in
from surrounding ones and
these also yield up their
stores. )

The water passes from
the root-hair through the
soft outer tissue (cortex) to
the wood-cells, in which it
passes directly to the leaves.
These thick-walled wood- b
cells form groups that al- . 43
ternate with groups of thin- /-,
walled tissue or bast which ) <4
conveys proteids and other | '/
food from the leaves to the ' -7
root and to other parts of
the plant. The wood and
bast are surrounded by a
row of small cells (endoder-
mis), whose closely joined
walls prevent the entrance
of air, which would im-
pede the progress of water in the wood-cells.

The absorptive surface of the root may be in-
creased from seven to seventy-five times by the root-
hairs. The fine roots, on which the root-hairs are
principally produced, are known as *“ feeding roots,”
and all tillage should be practiced with special
reference to them. Tillage aids the work of the
root by increasing the air and water-supply, and
by loosening the soil. Roots will penetrate hard
soil, or even hard substances like sealing-wax, but
they grow very slowly under such conditions. They
may develop a pressure of 650 to 100 pounds per
square inch. The root-cap protects the delicate tip
as it is forced into the soil.

The water absorbed by the root contains mineral
substances. If the plant is burned, these will
remain in the form of ashes. By growing plants
in distilled water, to which has been added chemi-
cally pure salts in various combinations, it has
been found that certain substances are indis-
pensable to the plant while others are not. The
indispensable substances comprise four bases and
four acids. The bases are potash, lime, magnesium
and iron; the acids are nitric, phosphoric, sul-
furic and carbonic—the carbonic acid absorbed from
the air by the leaf. If all these substances, with the

Fig. 27. Fibrous roots.
Maize. Aérial or brace
roots are shown at o o.
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exception of carbonic acid, be dissolved in distilled
water, plants can be grown in the solution and
will produce mature seed ; but if any of the sub-
-stances be lacking in the solution, except carbonic
acid, growth will soon cease. All these substances
are present in the soil, together with others of little
or no value, as alumina, silica and others, but in
order that the plant may absorb them they must be
dissolved in the soil-water. Most of them exist in
the soil in compounds that are but little soluble in
water. The soil-water contains carbonic acid, derived
rincipally from decaying organic matter, which
Exs a decidedly solvent action. In addition, the root
constantly excretes carbonic acid, which dissolves
the plant-food within its reach. By the excretion of
acid, roots may etch polished marble surfaces; and
they impart to distilled water an acid reaction.

Roots of many members of the pea family supply
themselves with nitrogen from the air by means of
the bacteria which inhabit tubercles on their roots.
Roots of forest trees frequently
make use of decaying matter by
means of fungi, which grow in
close contact with them.

The leaf.—The seed-leaves are
commonly gorged with food, con-
sisting of proteids (nitrogenous
substances, like white of egg),
fats, oils, sugar and starch. This
food is mostly manufactured in
the foliage leaves.

When starch is heated it sepa-
rates into water and carbon di-
oxid (CO,). Evidently it may be
formed by causing these two
substances to unite. This is just
what the foliage leaf brings
about. It is supplied with water
by the activity of root and stem,

; t. v oot and it absorbs carbon dioxid from
e bataPo- the air. By utilizing the energy
le, be J :
the ssedloaves of the sunlight the leaf is able to
sod the root: & break the bond of union between
cotyledons; I, thecarbon and the oxygen of the
true leaves.

carbon dioxid, thus leaving the
carbon free to combine with water and so to pro-
duce starch, and the oxygen free to escape into
the air. The energy used in this process is set free
again if the starch be burned, either by ordinary
combustion or by the slower combustion that takes
place in plant or animal cells. All elaborated foods,
such as proteids, fats, oils and sugars, yield up their
stored energy in the same way.

In order to make as much starch as possible, the
leaf must expose the greatest possible surface to
the sunlight and air, but in so doing it runs the
risk of losing too much water by evaporation. To
meet this difficulty, it has devices that enable it to
increase or diminish evaporation (transpiration)
according to its needs. Its surface is made water-
proof by waxes, varnishes and resins, so that water
can escape only at the pores or stomata that are
thickly scattered (Fig. 30) over one or both of its
surfaces,—as many as 3,600 per square inch in some
instances. A section through a stomate is shown in

Fig. 31, and a diagram of a stomate in Fig. 82. In
the guard-cells, which surround the stomata, the
plant possesses automatic devices of wonderful
efficiency for regulating transpiration. When the

water-supply is abundant, especially in the presence
of sunlight, the guard-cells absorb water and ex-
pand. The pressure causes the walls that bound the
pore or stomate to curve away from each other, thus
causing the stomate to open. This is due to the fact
that these inner walls are thicker than the outer
walls. The effect is the same as would be produced
on a rubber tube by thickening one side by cement-
ing an extra strip of rubber on it. If such a tube
be closed at one end while air or water is pumped
in at the other, it will bend so that the thickened
side becomes concave.

The absorption of the water by the guard-cells
is aided in sunlight by the action of the chloro-
phyll grains which they contain; these produce
sugar, which aids the cell in taking up water from
the other cells of the epidermis that have no chloro-
phyll grains.

When, therefore, the water-supply is sufficient,
and especially when sunlight, temperature and

Fig. 30. Stomatesof Fig.31. Stomate of ivy, showing
geranjum leaf. compound guard-cells.

other conditions are favorable for leaf activity,
the stomata open and permit the leaf to absorb
carbon dioxid. On the other hand, lack of water
and unfavorable conditions cause them to close.
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The stomata are usually closed at night; hence it is
then possible to fumigate plants with poisonous
gases that would kill them if applied through the
day. Closing at night prevents the stomata clog-

ing guard-cells and neighboring cells of epidermis.

ging with dew. Water-proof materials, as well as
hairy coverings of the leaf, protect the stomata
from dew and rain. Leaves so protected appear
silvery under water and do not become wet for a
long time. If such protection is found on the lower
side only, the stomata will be found on that side
only. House plants should have the leaves washed
occasionally to prevent the clogging of the stomata
with dust. The devices by which desert plants
check evaporation will be discussed later.

The carbon dioxid, passing through the stomata,
comes directly into contact with the leaf-cells,
which are sufficiently separated from each other to
allow it to pass freely between them (Figs. 33, 34).
The great absorptive surface which they expose is
kept continually moist and is thus able to absorb
with great rapidity, much as the moist lung sur-
faces absorb oxygen. The absorbed carbon dioxid
passes into the cells and comes into contact with
the green chlorophyll grains, The chlorophyll (leaf-
green) in these bodies is divided into very minute
drops (Fig. 35), thus giving it an enormous ab-
sorptive surface. At the same time that it takes
up carbon dioxid it absorbs sunlight, and with the
energy thus received decomposes the carbon dioxid

Fig. 33. Cross-section of leaf, which grew in shade, and

bas only one layer of muu-eann 4, upper epidermis;
p, palisade cells; ¢, a crystal; sp, spongy parenchyma;
i, intercellular space; I, lower epidermis. The plant here
intended is the true or English ivy, Hedera helix.

and causes the carbon to unite with the water,
thus forming sugar. This may be illustrated by the
equation :

6C0; + 6H,0 =

. CeH1200
Carbon dioxid Water

Grape sugar

+ 60
Oxygen

This equation, however, states merely the begin-

ning and end of what is probably a long and com-

plicated process. Oxygen is given off and may be

seen arising in bubbles from water plants, Air
that has been ‘“vitiated” by animals may
have its oxygen restored by green plants in
sunlight. Aquaria are often maintained for
long periods when a proper balance is struck
between plant and animal life.

The process just described (photosynthe-
sis) furnishes not only all the food, but prac-
tically all the fuel in the world. The leaf
utilizes, that is, stores up, only about one-
half of one per cent of the energy it re-
ceives in the form of sunshine. It makes
use of the red and orange rays almost exclu-
sively, and forms little or no starch in blue
light. The rays that affect the photographic
plate, therefore, have little part in photo-
synthesis, while the red and orange rays, so
important in this connection, are the ones
that also produce the greatest effect on the
eye. A square meter of sunflower leaves

is estimated to produce about 25 grams of starch
in the 15 hours of sunlight of a summer day. This
would use up the carbon dioxid contained in 50
cubic meters of air (a meter is nearly 40 inches);
or, in other words, should the leaves take all their

Pl 7, DAIISAQE Celis; 8P, SPONEY PArenr==-—=- == =~ciee—-e
cells; eonv, conveying cells; sh, cond

w, woody tissue of vein; b, bast of *

space: chl. gr., chlorophyll granulea
carbon from the air directly above them, they
would in a day consume all of it to a vertical
height of about 165 feet.

The sugar formed in the chlorophyll grains is
transformed, in great part at least, into starch,
which makes its appearance in the form of glis-
tening white bodies embedded within the substance
of the grain. This starch mostly disappears during
the night, being changed back into sugar, and
conducted away into the stem and thence to the
roots, flowers or other parts. Leaving the palisade
cells of the leaf (Fig. 34 p.), it passes through the
collecting cells (col.) into conveying cells (conv.),
and on to the conducting sheath (sh.) of one of the
veins, by which it passes through the leaf-stalk
into the stem.

The evaporation of water is of great advantage
to the plant, for it concentrates in the leaf the salts
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contained in the water. The leaf thus becomes the
meeting place of air food and soil food. These two
sorts of crude food combine to form elaborated
food. The first step is probably the formation
of sugar, which then, by combining with nitrogen,
sulfur, phosphorus and other elements, forms pro-
teids. These move from place to place, principally
in the bast, and so reach the regions where they
are needed.

The energy needed to elaborate food comes from
the sunlight. The leaves have various devices to
absorb all the sunlight possible. Some “follow the
sun” all day long, thus facing eastward in the
morning and westward at evening. At mid-day they
are horizontal, except when the sunlight is exces-
sive, in which case they assume the “ profile posi-
tion” with the edges pointing upward, thus avoid-
ing injury due to too strong light. Many such
leaves assume a “sleep position” at night by fold-
ing; they diminish thereby the loss of heat and
avoid the precipitation of dew on the protected
surfaces.

Most leaves have the power of turning toward
the light, and so move out of the shadow of other
leaves. Thus arise the beautiful *leaf-mosaics,”
e. g., of English ivy or of maple, in which no leaf
unduly shades another. The usual arrangement of
leaves on the stem is in regular vertical rows.
The arrangement is known as phyllotaxy.

The stem.—The stem bears the leaves and fur-
nishes them with a constant supply of water, which
it conveys from the root. On placing a plant with
its roots in diluted red ink or other colored solution,
we cantrace the colored solution up through the
wood-cells in the root (Fig. 29), through the stem
(Fig. 36), into the finest veins of the leaf. It is
easily seen that the colored solution travels only in
the wood-cells and not in the other cells of the stem.
We usually find the wood-cells associated with
bast-cells, forming together the fibro-vascular bun-
dles (Figs. 21, 37). In dicotyledonous plants (e. g.,
aquash, sunflower) these bundles form a circle near
the outside of the stem ; while in monocotyledonous
plants (e. g., corn, lilies) they are scattered through
the stem. [See page 9.]

The largest passages in the wood are called
ducte, and in them the water travels faster than

. 36. Diagram of
cross-section of
squash stem. str,
strengthening fibers.

in the other cells. They are formed by the breaking
down of partitions, thus converting a long row of
cells into a single continuous passage that may be
88 much as forty feet in length.

In the tracheids—long, narrow, tapering cells—
the water travels more slowly than in the ducts,
being hindered by the frequent end walls. The

starch . The
dotted shading is to in-
dicate the chlorophyll
drops.

markings seen on the walls of the wood-cells are
pits or thin places in the walls, by means of which
water passes more readily from one cell to another.
The passage of air is prevented by a delicate mem-
brane stretched across the pit.

The question may be asked, What causes the
sap to rise? Various explanations have been

Fig. 37. Fibro-vascular
much
vessel,

bundle (cross-section) of Indian corn
fied. a, annular vessel; a’, annular or spiral
., thick-walled vessels; w, tracheids or woody
tissue; 7, sheath of fibrous tissue surrounding the bundle;
ft, fundamental tissue or pith; g, sieve tissue; p, sieve
plate; ¢, companion cell; i, intercellular space, formed by
tearing down of adjacent cells; w’, wood parenchyma.

advanced and proved unsatisfactory, such as capil-
larity, barometric pressure, action of air-bubbles
and root-pressure (the action of the root in forcing
water upward, as seen in the bleeding stumps of
the grape-vine). The one at present most in favor
is that the sap is drawn up by water-attracting
substances in the leaves, just as the water is pulled
away from the soil-particles by the root- hairs.
This process is known as osmosis. Sugar is a sub-
stance that acts in this way. For example, the
conversion of the stored starch of the maple into
sugar, in the spring, causes a rapid rush of sap
into the stem, even though no leaves are present.
This theory is not satisfactory in all respects,
especially when applied to the rise of sap in very
tall trees.

Among the wood-cells are found short cells,
wood-parenchyma, that remain alive long after the
other cells are dead. One of their chief functions
is to store starch and other foods that are conveyed
to them by the medullary rays or silver grain. These
consist of elongated cells that run at right angles to
the course of the wood-cells ; they serve to convey
gases a8 well as food. Much elaborated food, espe-
cially proteids, is conveyed by the bast. Most pro-
teids are unable to pass through cell-walls and so
are able to move only in the large cells, or sieve-
tubes of the bast, whose end walls or sieve plates
are pierced with holes. The bast contains smaller
cells known as companion cellsand bast parenchyma
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which remain alive after the sieve cells are
apparently dead; their function is not clearly
understood.

In dicotyledonous plants, between the wood and
the bast is found the cambium, an embryonic tissue
that forms new cells whose growth causes the stem
to thicken year by year. The inner part of this
growth becomes wood, which adds an “annual ring.”
These rings are clearly marked, because the wood
formed in the fall is denser and has smaller cells
than that formed in the spring. The outer part of
the new growth becomes bast, which wears away
on the outside almost as fast as it forms within,
and, in consequence, does not thicken much from
year to year. Monocotyledonous stems have no
cambium and do not grow thicker from year to
year.

The cambium causes the cion to unite to the
stock ; it heals wounds, such as are made by
pruning, by forming a tissue called callus. This
sometimes produces new buds, whose growth com-
pensates for the part cut away. At the tip of the
stem the cambium does not form a complete ring
but i8 confined to the fibro-vascular bundles. In
trees and shrubs it gradually extends itself from
one bundle to another, thus forming a complete
ring. As soon as this is accomplished, it begins to
form a complete ring of wood within and of bast
without. In herbs no such complete ring is formed.

Outside the bast is found the rind or cortex,
which is usually green, and, in consequence, manu-
factures starch. It also serves to convey starch.
This is easily seen when it is cut away all around
the tree, in the process of “ ringing,” whereupon the
tissues below lose their starch. If the bast be cut
through also, the supply of proteids is cut off and
death soon ensues. As the stem grows older, layers
of cork are formed in the rind. These cut off the tis-
sues lying outside them, which soon die and so form
bark. The very first layers of cork are formed on
the extreme outside of the stem, and are interrupted
at frequent intervals by
breathing pores or lenti-
cels.

At the very tip of the
stem is found embryonic
tissue which continually
forms new cells; this is
called the growing point.
Just back of this, new
leaves arise as protuber-
ances (Fig. 38). These
rapidly grow larger and
fold over in such a way
a8 to protect the growing
point from mechanical in-
Jjuries as well as from dry-
ing. The various waxes,
resins and furry coverings
of buds are not for protection against cold, as popu-
larly supposed, but for protection against drying.

The crowding of the young leaves at the grow-
ing point, forces them to take on a regular ar-
rangement which largely determines the arrange-
ment of the branches, since these arise from the

Fig. 38. Bud of brussels
sprouts cut lengthwise.
f, fibrous bundles; bl,
the crumpled leaf-
blade.

point (axil) where the leaf is joined to the stem.
Not all branches develop. Many that start cannot
get sufficient light and soon die. This is known as
“gelf-pruning,” and is seen especially in forest trees,
which produce lumber free from knots. Many buds
do not even start to de-
velop but remain dormant,
often for many years,
growing just enough to
keep pace with the annual ¥
thickening of the tree.
They may be traced back
to the center of the tree,
sometimes several feet
long, but no thicker than a
lead-pencil. New or adven-

Diagram showing the gir-

titious buds may be formed;  of suescthoning cisemo
such buds, becoming (s'c!{rimin a bulrueh.

crowded and distorting the
grain of the wood, cause the appearance familiar
in bird’s-eye maple. .

The stem requires strengthening tissue in order
to sustain the weight of its branches and the force
of the wind. In the tree the accumulated wood
serves every purpose, but in the herbaceous stem
special strengthening tissue is formed, quite dis-
tinct from the wood. In parts of the stem that
are lengthening, this tissue consists of collenchyma
cells, whose walls, thickened at the corners only, have
thin places by means of which food and water may
be absorbed (Fig. 24). Their growth keeps pace
with that of the stem, otherwise they would soon
break and become useless. In older parts of the
stem that have ceased lengthening, the mechanical
cells, sclerenchyma, have walls equally thickened
all around, except at the pits ; when the thickening
reaches a certain point the cells die, but their use-
fulness is not impaired thereby.

The distribution of mechanical tissue in the stem
presents a wonderful example of useful arrange-
ment to secure the highest degree of strength
with the least expenditure of material. The prin-
ciple of the girder and of the hollow cylinder is
everywhere employed (Fig. 39) in leaf and stem.
It results that a wheat stalk is a model of light-
ness and strength, and at the same time it is elas-
tic enough to bend sufficiently in the wind. In the
root (Fig. 29) the strengthening tissue forms
strands in the center, known as cable construction,
that enable it to resist pulling strains. Some
stems economize material by climbing on walls,
trees, or other supports. Some weave themselves
in and out of the branches of other plants (black-
berry), others form tendrils by modifying a branch
(squash, grape), or a leaf (pea), or a leaf-stalk
(clematis). The coiling of the tendril is due to
a stimulus such that the contact side grows less
rapidly than the opposite side. The tendril, and
the tip of the stem as well, usually has a sweeping
circular movement that assists in finding a8 sup-
port. The tendrils of the Boston ivy fasten them-
selves to walls; the roots of the English ivy
answer the same p X

Plants which twine do so apparently under the
influence of gravity, which causes one side to grow
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faster than another, so that the tip circles in
the same direction as the hands of a watch, to the
right, or with the sun (as in the hop), or in the
opposite direction (as in the morning-glory).
Such plants unwind and reverse their direction if
placed upside down, and they will not twine on a
horizontal or nearly horizontal support.

The flower.—When the work of root, stem and
leaf has stored a sufficient surplus of food, the
plant proceeds to flower. The century plant spends
many years in this process; trees usually take
four or five years or more ; biennials, as the beet
and turnip, require two, while annuals complete
their preparation in a
few days or weeks,
The food is stored in
roots, tubers, root-
stocks, stems, or in
modified leaves such
as we find in bulbs.
In the latter case, the
fully formed minia-
ture flowers can often
be seen on cutting
open the bulb.

The flower is usu-
ally spoken of as a
modified branch. In
their early stages,
flower-buds are so
much like leaf-buds
that they cannot be
told apart. But the
growing leaf-bud pro-
duces leaves that soon
become separated by the elongation of the stem,
while in the flower-bud they remain crowded to-
gether, and become modified into dissimilar struc-
tures.

The outermost set of these structures, the calyx
{Fig. 14), consists of green, leaf-like sepals whose
function is to protect the internal parts, much
as the outer leaves of a bud protect the innermost.
Next comes the corolla, consisting of petals, which
are leaf-like except in color. Instead of chloro-
phyll they possess a number of pigments that are
either held in solution in the cell sap or appear in
8olid form. These, by their combination, produce
an endless variety of coloration. The appearance
of white petals i8 due (like that of snow) to the
presence of air.

The next set of organs, the stamens, often have
8 leaf-like basal part, while the upper part pro-
duces an anther, i. e., a structure consisting usually
of four cavities filled with pollen-grains or micro-
spores. At maturity these cavities open and dis-
charge their pollen in the form of yellow dust. The
innermost set of organs, known as the carpels, are
often leaf - like, as, for example, in the pea-pod,
whose texture, color and veining are essentially
those of a leaf. It corresponds to a leaf folded
lengthwise on the midrib, so as to bring the edges
together. Along the united edges are borne the
sveds. Such a carpel is called a simple pistil or
ovary ; when several are united, as usually is the

B2

Flower of fuchsia in

Pig. .
longitudional section. The
ovary is at a.

case, the resulting structure is called a compound
pistil or ovary. The term ovary is applied to the
part that contains the seeds or ovules, while the
term pistil includes also the style and
stigma. The stigma is borne on the
summit of the ovary, often on a stalk
called the style, and consists of a
sticky or hairy surface designed to
catch and retain the pollen.

Inside the ovary are found the rudi-
mentary seeds, or ovules (Fig. 40). An
ovule usually has two coats, inside of
which is a mass of tissue called the
nucellus, containing a cavity called the
embryo-sac, or macrospore. Inside of
this are found one or more eggs.

In order that the egg may develop,
pollen must be brought to the stigma
and there germinate (Fig. 41), sending
out a long germ tube that makes its
way down the style to the embryo-sac.
A nucleus (Fig. 42, pn) makes its way down toward
from the pollen-tube through an open-  the o7ary
ing that is formed at its end, and en- '
ters the embryo-sac, where it unites with the
nucleus of the egg (e). This constitutes the act of
fertilization, and the characters of both parents
are thereby united in the nucleus so formed. This
nucleus is called the fertilized egg. Since each of
the fusing nuclei has the same number of chromo-
somes, the fertilized egg has twice as many, and
this double number is found in all the cells of the
plant that develop from the fertilized egg, until, in
the mother-cells, that give rise to the pollen-grains
and embryo-sac, the number is
suddenly reduced to one-half.

The fertilized egg soon be-
gins to develop and eventu-
ally forms a tiny plant with
rudimentary root, stem and
leaf, as we find it in the seed.
The coats of the seed develop
from those of the ovule; some-
times the ovary wall or a part
of it remains permanently at-
tached to the seed. The endo-
sperm of the seed comes from
two endosperm nuclei (Fig. 42,
end), which fuse with a nuc-
leus from the pollen-tube
(8 pn). The endosperm may
thus show the characters of
both parents. In corn, in
which the endosperm deter-
mines the color of the grain, an
ear of yellow corn that re-
ceives pollen partly from yel-
low and partly from blue corn
may show, on the same ear,
both blue and yellow grains
side by side.

Since pollen is easily in-
jured by rain or dew, various
devices exist for keeping it
dry. The closing or drooping

Fig. 42. Bmbryo-sac of
a lily. Showing the
union of the nucleus
from the pollen-
tube (pn), with the
egg (¢): the second

llen-tube nucleus
spn), unites with
two endosperm pro-
nuclei (end), which
multiply and form
the endosperm:
antipodal cella
(ant), nurse nuclei
which help nourish
the egg. etc., (nr),
polien-tube (p).
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of flowers in rainy weather and at night, and
numerous contrivances for shedding water, all
serve to keep the pollen dry.

In a series of classical experiments, Darwin
showed that self-pollination, or the placing of the
pollen on the stigma of the plant that produced it,
does not give as vigorous offspring as cross-polli-
nation, or the transfer of pollen from another indi-
vidual. In plants we find numerous devices to pro-
mote cross-pollination and to prevent self-polli-
nation. It is common to find the stamens and
pistils in separate flowers on the same plant
(moncecious plants, as squash and corn), or produced
on separate plants (dieecious plants, as the hop).
When the organs are not thus separated they may
mature at different times, or otherwise promote
cross-pollination. ,

Pollen is carried from one flower to another
through the agency of wind (as in corn), or water
(a8 in many aquatics), or by insects. Whether the
insects are attracted by the color or by the odor of
flowers is to some extent still an open question.

The fruit.—The fruit is the ripe or ripening
ovary, with its contents and any surrounding parts
that remain attached to it. The first work of the
fruit is to convey nourishment to the young seeds
and protect them during their development. The
great importance of the food supply is evident from
the fierce struggle that takes place, not only
between flowers and fruits on the same plant but
between the developing seeds in the same fruit.
Usually many fruits fall because of lack of nourish-
ment, and this is aided by the grower, who thins
the fruit to secure a few large ones rather than
many small fruits. In a3 number of fruits many
seeds in the ovary fail to develop from lack
of sufficient food. In the majority of cases the
plant gives its whole store of food to the fruit and
then dies. The stalks of grain, for example, are
almost completely emptied of nutriment during the
ripening period, leaving the stalks dry and taste-
less. This occurs even if the grain be cut before
the seed is fully ripe. On reachipg the seed the
food is often transformed, as from starch to oil.
During the ripening process many changes in the
food substances occur, as when the acrid taste in
apples gradually gives place to sweetness and
agreeable flavor; and at the same time various
gelatinous substances are produced that render the
ripe fruit suitable for jelly-making. Such changes
take place after the fruit is removed from the
tree, as is illustrated by the familiar practice of
allowing pears to ripen in drawers.

In order to insure abundant fruit, there must
be vigorous and healthy development of foliage
early in the season, followed later by a decrease in
water supply and increase of light and heat. The
tendency to produce wood instead of fruit is
checked by decreasing the water supply, as evi-
denced in the practice of pruning or laying bare
the roots, and breaking or notching the branches
to increase productiveness.

An important function of the fruit is to scatter
the seeds so that the plant may be reproduced
in abundance. Some fruits float long distances on
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water, as the coconut; others, as the dandelion,
develop wings, or parachutes. so that they may be
carried far by the wind. Some stick to the rough
coats of animals; others, by their pleasant taste
and bright color, attract birds, which scatter
the seeds.

Some seeds can germinate as soon as ripe,
while others require long periods of rest before
they germinate. A sufficient supply of water,
warmth and air are necessary for germination. If
these are not furnished the seed remains dormant,
often retaining its vitality for many years.

General properties of plants.

Nutrition and respiration. —The formation of
elaborated food has already been described. Such
food is disposed of in three ways:

(1) It is oxidized or burned just as in the animal
body, producing heat, chemical energy, and 8o on. In
this process, called respiration, carbon dioxid is pro-
duced and given off to the air, to be again decom-
posed and built up into food. This food is burned
in turn, formmg more carbon dioxid ; and 8o the

process goes on in a never-ending cycle It is evi-
dent that the chief object of producing food is to
have energy stored in convenient form, so that it
can be utilized whenever needed. The constructive
work of the plant separates carbon from oxygen,
which is given off into the air, and stores energy ;
the destructive work of the plant unites (burns)
carbon with oxygen and sets energy free. The
amount of energy set free may be estimated from
the amount of carbon dioxid given off. When an
organism has produced its own weight of carbon
dioxid, it has set free sufficient energy to raise
itself about 600 miles. Some bacteria give off -
twice their weight of carbon dioxid in 24 hours,
while a man in the same time exhales about 1.2
per cent of his weight. Green plants consume
much more carbon dioxid than they produce. The
consumption of carbon dioxid stops at night, while
its production goes steadily on. The amount pro-
duced is small, and a hundred plants in a room at
night would not “vitiate” the air so much as a
single candle.

When the supply of oxygen gives out, carbon
dioxid continues to be produced for a time, at the
expense of oxygen, which is in loose combination
with the tissues. This is accompanied by the for-
mation of alcohol. This process is known as intra-
molecular respiration. Respiration takes place in
every living cell, since every such cell has need of
energy to perform its work. In plants, each cell
absorbs its oxygen for the most part from the air
that enters the stomata, lenticels and cracks in the
bark, and penetrates everywhere into the spaces
between the cells.

(2) The food is used to build tissues, cell-walls
and other parts.

(3) It is stored in various special storage or-
gans, principally as starch, fats, oils and proteids.
In the germination of seeds we can see very clearly
that the stored food, before it can be used, must be
digested just as in the animal body. Starch is
changed to sugar and proteids are converted into
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soluble form. This is accomplished by chemical
substances called ferments, the presence of small
quantities of which makes possible a large amount
of chemical action. They are of the greatest im-
portance in both constructive and destructive
processes.

Plants without chlorophyll (saprophytes, living
in decaying matter, and parasites, deriving nour-
ishment from living organisms) are unable to make
elaborated food. Some parasites that have chlo-
rophyll, as mistletoe, have this power. Insectivo-
rous plants secure an extra supply of nitrogenous
food from the capture of insects. Plants of the pea
family secure nitrogen from the air by means of
bacteria living in their roots; this relation between
two plants is known as symbiosis.

Growth.—Growth may be best illustrated by con-
sidering the growing tip of a stem. Here we may
distinguish three stages :

(1) The formative region, where cells are con-
stantly dividing and new organs are being formed.

(2) The elongating region, where the cells
expand by absorbing large quantities of water.
This comes next to the formative region.

(3) The maturing region, where the cells no
longer expand but assume their characteristic form
and markings.

In the first of these stages the cell is filled with
protoplasm. As the absorption of water continues,
drops are formed in the protoplasm ; these coalesce
to form a single large drop (vacuole) that occupies
almost the entire cell. This condition persists in
the later stages.

Growth depends very much on temperature,
increasing rapidly up to about 30° C.; above this
it diminishes. It depends, also, on an adequate
supply of water, food and air. Light, especially
the blue rays, generally checks the growth.

Movement.— Movement in plants may be pro-
duced by the contraction, or other movement, of
the protoplasm, as in animals. It is usually due,
however, to unequal growth of opposite sides of an
organ (e. g., the opening and closing of flowers).
The movements of the leaves of the sensitive plant
and of clover are due to changes in the turgidity
of cells.

Irritability.— Irritability is the power of re-
sponding to stimuli. When a leaf folds up at a
touch, we say that the touch acts as a stimulus.
The amount of energy needed to execute the move-
ment is much greater than was imparted to the
leaf by the act of touching it. The stimulus sets
free stored energy, just as a touch on an electric
button may explode a powder magazine. Among the
stimuli to which plants respond may be mentioned
light, gravity, heat, chemical substances, electric-
ity, strains and contact. In general, the plant
responds by bending toward or away from the
source of stimulus or by changing the rate of
growth, .

Reproduction.—The process of fertilization in
hi%her plants has already been described. This is
called sexual reproduction, because it results from
the union of two nuclei, 3 male and a female.

In addition, we find asexual reproduction, in

which no such fusion takes place. The propaga-
tion of plants by cuttings, leaves, tubers, roots
and bulbs furnishes familiar illustrations of this.
Simple division, as in bacteria, or budding, as in
yeast, are also methods of asexual reproduction.
Asexual reproduction by means of specially modi-
fied single cells, called spores, is found in ferns,
mosses, molds, bacteria and other plants.

In all plants, down to and including the mosses
and liverworts, there is a regular alternation of
sexual and asexual generations. A sexual genera-
tion (prothallium) arises from the asexual spore
(e. g., of a fern) and bears sexual organs. After
fertilization, the egg produces a plant that is
called the asexual generation, because it produces
no sexual organs, but only asexual spores, which,
in turn, give rise to the sexual generation. In the
fern, the sexual generation is of microscopic size,
while the asexual (spore-bearing) generation is the
familiar fern plant.

The environment of the plant.

The needs of the plant are like those of the ani-
mal, namely, water, food, light, air and warmth.
The plant resorts to endless contrivances to secure
a sufficiency of these, as well as to protect itself
against an excess of any of them. It constantly
adjusts itself to external conditions in order to

. make the most of its circumstances. Were it not

able to do 8o it would soon perish. We may briefly
consider the chief factors of the environment.

Water.—Nothing affects the plant more than the
water-supply. The effect of dry conditions is best
seen on desert plants, which show the following
modifications: (1) Reduced surface secured by
partial or total suppression of leaves, as in cacti.
The discarding of leaves in winter is an adapta-
tion to the dry conditions then obtaining. Even
when there is water in the ground the roots can-
not absorb it, because of the low temperature ; (2)
reduced evaporation secured by thicker epidermis,
coverings of wax and of varnish; (3) reduced
evaporation secured by rolling the leaf, as in
grasses, or placing it in a permanently vertical
position, as in iris; (4) storage of water in tho
thickened stem or leaf; (5) reduction in the num-
ber of stomata and sinking them in depressions;
(6) hairy coverings of the leaves; (7) increased
woody fiber ; (8) smaller air-spaces; (9) longer
palisade cells of the leaf.

Aquatic plants show the opposite characteristics,
having large surfaces, thin epidermis, no waxes,
resins or hairs, very little woody fiber, very large
air-spaces, and poorly developed palisade cells in the
leaf. Stomata occur only on the surfaces exposed
to air, but are there numerous.

The size of every part of the plant is increased
by an abundance of water. The large-celled spring
wood is an illustration of this. The small-celled fall
wood is formed under much drier conditions.

Growing plants in a saturated atmosphere pro-
duce curious modifications ; a cactus may thus be
made to produce leaf-like organs, and gorse pro-
duces leaves instead of thorns. On the other hand,
a potato grown with a minimam amount of water,
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exposed to light, assumes a cactus-like habit, with
no leaves and with very short internodes and thick-
ened stems.

The water-supply directly influences the produc-
tion of flowers and fruit. Aquatic plants cannot as
a rule produce flowers under water. Land plants
with abundant water-supply run to stem and leaf,
and produce little fruit. Cutting off the water sup-
ply at the proper time greatly increases the pro-
duction of fruit, and also makes it sweeter and of
higher flavor. By irrigating properly, we may con-

trol both the quantity and quality of the crop. An
excess of water soon kills the plant by suffocating
the roots.

Light.—The effect of light on the plant is very
similar to that of dryness, and in the case of desert

lants the strong light increases the effects due to
ack of water. Plants that prefer the sun are
known as sun-plants (grasses), while those that
can grow only in shade are known as shade-plants
(ferns). The latter have longer, thinner leaves,
usually of paler color. A similar difference may
often be observed between exposed and shaded
leaves on the same individual plant. The exposed
leaves have thicker epidermis, longer palisade cells,
smaller air-spaces and fewer stomata.

Both leaves and branches arrange themselves
with reference to the direction of the light, and
the same is true to a large extent of flowers. This
is well illustrated by plants that grow near houses
80 that they are shaded on one side. A further
illustration is the different arrangement of leaves
on upright and on horizontal branches of the same
plant. Excessive light produces “sunscald” and
other bad effects. Some leaves avoid this danger
by assuming a vertical position. On the other
hand, absence of light produces marked effects.
Chief of these is the pale color (etiolation) which
i8 8o noticeable in celery that has been blanched
by being covered from the light, or in potatoes

Fig. 43. The reach for light of a tre: on the edge of a wood.

that have sprouted in darkness. The stem is
usually weak and spindling, while the leaves, in
dicotyledons at least, remain small ; hairs and even
prickles tend to disappear in darkness. With weak
light the colors of flowers are much less brilliant,
and the production of both flowers and fruit is
seriously checked, even when there is sufficient
food present for their formation.

The reach for light is well marked wherever
plants are crowded. About the edge of a forest,
the trees branch on the outward side (Fig. 43). In
the midst of the forest they shoot straight up. In
the open field they branch on all sides and remain
low. When two or three trees grow close together,
they branch mostly in opposite directions These
adaptations are equally marked in bushes and herbs.

Food.—The food requirements of plants are very
different ; some grow best on poor soils, others on
rich soils. In general, starving a plant causes it to
flower and fruit more quickly
but to produce a less abundant
crop. Over-feeding creates a
tendency to produce stem and
leaf at the expense of fruit.
It also greatly increases the tendency to
produce monstrosities. Both these effects
are especially produced by an over-supply
of nitrogen. Abundance of water acts in
much the same way as abundance of food.
Over-supply of nitrogen may be corrected,
to a certain extent, by the application of
potassium, which tends to check the over-
production of vegetative parts and bring
about the development of fruit. Some ex-
periments seem to indicate that phosphorus
also directly favors fruit formation.

Lime is valuable not only as a food, but it helps
to make other mineral food available. It hastens
the decomposition of humus, sweetens sour soil and
improves the texture of clay soils by its floccu-
lating action. It also acts as an antidote to the
poisonous action of magnesium, when the latter is
present in large quantities. Some plants are found
only where lime abounds, while others cannot toler-
ate it except in small amounts.

If any nutritive substance in the soil be reduced
to a minimum, the effect on the plant is much the
same as if all the nutritive substances were like-
wise reduced ; this is known as the “law of the
minimum.” Consequently, the application of fer-
tilizer containing an element deficient in the soil,
may give results out of all proportion to its cost.

It is possible in water cultures to determine
very closely the effect of excluding various neces-
sary elements. For example, it is thus found that
when iron is lacking, practically no chlorophyll is
formed. The facts so gained have not as yet been
applied to the soil to any great extent.

The root has a “selective action” in that it
takes up from the soil certain elements, to the
partial or total exclusion of others. Thus, from a
solution of sodium nitrate, it takes nitric acid,
leaving the sodium. A cereal crop takes from the
soil only one-fourth as much potash and only half
as much nitrogen as root crops. This is one reason
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why a suitable rotation of crops is necessary to
preserve the productiveness of the soil.

The physical condition of the soil is just as im-
portant as the chemical. It is almost useless to
apply fertilizers to poorly tilled land. The food
supply of the 80il can be unlocked and made avail-
able to the plant only by judicious tillage.

Heat.—As previously stated, the most favorable
temperature for the growth of plants is about 30°
Centigrade (86° Fahr.). If the temperature rises
much above this point, growth stops, and if the rise
continues, death ensues. On the other hand, if the
temperature is lowered, growth ceases before the
freezing point is reached. Some plants may be
frozen with impunity provided they are allowed to
thaw out slowly. Others are invariably killed by

g.

Too great cold and too great heat have much
the same effect on the plant as lack of water. The
former prevents absorption by the roots; the
latter causes water to evaporate from the leaves
faster than it can be supplied. The habit of drop-
ping their leaves on the approach of cold weather,
which deciduous trees have, is therefore compara-
ble to the action of desert plants in reducing their
leaf surface.

In general, the plant that contains least water
i8 most resistant to heat and cold. Dry seeds have
been kept for a long time at the temperature of
liquid hydrogen (—238° C., or —396°F.) ; when
thawed they grew normally. Bacteria are much
more quickly killed by moist than by dry heat.
Frost does not injure buds in winter when they are
comparatively dry; but in spring, when they are
full of sap, it quickly kills them. The injurious
action of frost is supposed to be largely due to the
extraction of water from the cells by the forma-
tion of ice in the intercellular spaces. The air that
normally occupies these spaces is thereby driven
out, 80 that a frozen leaf, on thawing, resembles
one in which the air of the intercellular spaces has
been driven out by boiling. It is supposed that
when the leaf is thawed slowly enough, the water
is taken up again by the cells; but when it is
thawed quickly, the water escapes by evaporation
before it can be reabsorbed.

The action of frost may result in long splits in
the trunks of trees, or in the killing of the ends
of the branches, which soon blacken in conse-
quence. The injured parts should be removed by
pruning.

Air.—Every living cell must have a constant
supply of oxygen in order to exist. The stem some-
times suffers by applications of tar which shuts out
air. The roots commonly suffer and often are
killed by being deprived of air. This happens when
the soil i8 too wet or when a hard crust is allowed
to form on the surface. For the same reason,
paving sidewalks or covering the roots deeply with
soil may be injurious. When the surface of the soil
is loose and sufficiently dry, a circulation of air
is kept up within the soil by constant changes in
barometric pressure. When this is prevented the
8oil becomes sour and unfit for plants, and the
chemical processes that make food available to the

plant are checked. Roots may grow in rumning
water, which constantly renews the supply of dis-
solved air. Some roots can live in mud, but they
are supplied with air by way of the leaves and
large air-passages in the stem ; they are specially
adapted to such environment. It is therefore of the
utmost importance to maintain a loose, open tex-
ture of the soil by proper tillage, to ensure the
health and vigor of most agricultural plants.

Wind.—The curiously gnarled and bent appear-
ance of trees that are daily exposed to strong
winds is familiar to all. In many cases all the
branches on the windward side are killed. This is
due to the drying effect of the wind, which may
increase evaporation as much as twenty-fold. The
mere mechanical effect of strong prevailing winds
is often very marked. It is common to see trees
with the tips of the branches permanently turned
leeward, or with the heavy growth all on one side.
Trees on mountain tops and near sea-coasts are
often weirdly picturesque, from wind action.

The effect of wind in drying fruit bloesoms is
well known, as well as the mechanical damage to
branches laden with ice and snow. For this reason
the planting of windbreaks is often indispensable.

Environment and inheritance.—The facts just
mentioned show how readily the plant responds to
the influence of environment by altering its struc-
ture or functions. The way in which it responds
is determined in each case by the qualities it has:
received from its ancestors. The form of the plant,.
therefore, depends on both these factors.

Some plants are plastic and easily modified by
external influences; others are not so readily
affected. The very remarkable alterations pro—
duced by insects, including the various kinds of
galls, the “ witches’ brooms” produced by attacks
of fungi, completely altering the habit of the
plant, and the “ green flowers” due to small insects,
make us realize the great possibilities of external
influences. The analysis of all these phenomena
should enable us eventually to control them.

Literature.

The reader is referred to the following publica-
tions for further information: Lectures on the
Physiology of Plants, J. Sachs; the two books,
Power of Movement in Plants, and The Various
Contrivances by Which Orchids are Fertilized by
Insects, Charles Darwin ; Text-book of Botany, E.
Strasburger and others ; The Physiology of Plants,
W. Pfeffer ; Lectures on the Physiology of Plants,
S. H. Vines ; Plant Geography, A. F. W. Schimper ;
Organography of Plants, K. Goebel; Comparative
Anatomy of the Vegetable Organs of the Phanero-
gams and Ferns, A. de Bary; Plant Physiology,.
Paul Sorauer; Practical Text-book of Plant Phys-
iology, D. T. MacDougal; An Introduction to
Vegetable Physiology, J. R. Green; Text-book of
Plant Physiology, G. J. Pierce; the two books,
Disease in Plants, and The Oak, H. M. Ward;
Natural History of Plants, Anton Kerner; The
Great World’s Farm, S. Gaye ; The Soil, F. H. King.
There are many good school and college texts that
will aid the general reader. .
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RESPONSE OF PLANTS TO ARTIFICIAL
LIGHTS

By G. E. Stone

Light constitutes one of the most important
external factors affecting vegetation, and plays a
prominent role in modifying the configuration of

lants. Photosynthesis, or the assimilation of car-

n, is one of the most fundamental processes in
the vegetable kingdom, and is dependent on light.
The activity of this process increases proportion-
ally to light intensity.

Except in the polar regions, plants are exposed
to the influence of light during only half their life
period ; the other half is spent in darkness. So far
as is known, plants do not assimilate carbon during
bright moonlight nights, although sensitive appli-
ances for determining light intensity are capable
of registering the comparatively feeble illumina-
tion of even bright nights, which would tend to
show that the minimum amount of light necessary
for photosynthesis is comparatively strong. Pho-
tosynthesis takes place under the influence of elec-
tric and artificial lights, as has long been known,
but the activity of the process depends on the in-
:;ensity and the spectrum of the particular kind of
ight.

" In glasshouse and other intensive cultures, it is
important to know whether artificial lights of any
kind can be used economically to supplement sun-
light and thereby produce an earlier or better
crop. It is also important to know what effect
artificial lights have on plants in exhibition halls.
This subject has been the theme of considerable
experimenting, but little very practical agricul-
tural result has yet been secured. In the winter,
particularly in cloudy climates, artificial light may
very likely come into prominence in the growing
of some kinds of crops. The following account
gives a brief survey of what has been accom-
plished.

Electric are light.

Many experiments have been made relating to
the influence of electric light on vegetation, more
particularly with the stronger lamps, such as the
arc light. The spectrum of the ordinary electric
arc light is that of carbon, with a slight addition,
in some cases, of the spectra of certain gases. It
is especially rich 'in the rays of high intensity,
lying in the ultra-violet or actinic part of the
spectrum, beyond the range of vision. It is well
known that electric light more of the
ultra-violet rays, with probably less of the orange
rays, than sunlight; therefore it would not be ex-
pected that electric light would possess the same
value to plants as sunlight, even if the intensity of
each were the same, since the rays which are the
most valuable for photosynthesis are those located
in the yellow and orange bands of the spectrum.
On the other hand, the highly refrangible or ultra-
violet rays of the spectrum stimulate growth of a
spindling nature, which would be undesirable to
most crops.

Hervé-Mangon was one of the first to demon-

TO ARTIFICIAL LIGHTS

strate that electric light was capable of producing
chlorophyll in plants as well as inducing heliotrop-
ism, and as far back as 1869 Prillieux showed that
electric light is capable of promoting assimilation.

The first recorded horticultural experiments with
electric light were made by Dr. C. W. Siemens,
an English physicist. He experimented with a
variety of plants, such as strawberries, tomatoes,
grapes and melons, and found that an arc light
produced decided effects on the growth of these
crops, sometimes producing beneficial, and, at other
times, injurious effects. He ascertained very early
in his experiments that a naked or unscreened light
was injurious at short range, but that the inter-
position of a glass globe or ordinary window-pane
prevented such injury. He demonstrated that an
arc light could be placed over a greenhouse with
good results, the glass in such cases screening off
the injurious rays, and found that plants developed
earlier under screened lights than otherwise. As a
result of his experiments he became very sanguine
that electric light could be used to advantage in
horticulture, and he was the first to employ the term
“electro-horticulture ” to designate this new appli-
cation of electrical energy. He showed that growth
can be hastened by the addition of electric light to
daylight, and that injury does not necessarily fol-
low continuous light through the twenty-four hours ;
that electric light often intensifies the green color
of leaves, producing a deeper color in flowers and
modifying the flavor of fruits. Siemans maintained
that the addition of electric light enables plants to
stand a higher temperature in a greenhouse,

At the time Siemens, in England, was conducting
his experiments, Dehérain was making investiga-
tions in Paris along the same line. He attempted
to grow plants by continuous electric light, that is,
with no daylight whatsoever. He found, as Sie-
mens did, that an unscreened light injured plants,
although it promoted assimilation more effectively
than a screened light. He found that barley, flax,
chrysanthemums, pelargoniums, roses and others
were severely injured after seven days of continu-
ous exposure to electric light, and that this injury
was manifested by the dropping off or turning
black of the foliage. In the case of lilacs, when
the leaves were screened or protected by the upper
leaves, no injury took place. Plants which received
sunlight by day and electric light by night were
injured in the same manner, but to a less degree.
He found that electric light was far inferior to
bright sunlight in its effects on photosynthesis, and
that electric light was particularly injurious toseed-
lings, as most of them died before forming leaves.
Dehérain’s conclusions are briefly as follows : Elec-
tric light contains rays harmful to vegetation.
These, however, can be modified or eliminated by the
use of transparent glass. It contains enough rays
to maintain full-grown plants 23 months, but is too
weak to enable seedlings to reach maturity.

Among those in America who have experimented
with electric light are L. H. Bailey, of Cornell
University, and F. W. Rane, formerly of the West
Virginia Experiment Station. Bailey made exten-
sive experiments with the arc light, covering a
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period of four or five years. Rane, formerly
Bailey’s student, used the incandescent light. At
first, Bailey employed a 2,000 candle-power un-
screened arc lamp suspended inside his forcing-house,
and this was kept running all night. He made his
experiments in a forcing-house 60 feet long and
20 feet wide, this being divided by a partition. In
one part of the
house, plants were
exposed to an elec-
tric light at night,
in addition to the
daylight which they
received, while the
plants in the other
part of the house
were grown under
normal conditions,
receiving daylight
only. According to
his experiments the
general effect of the
electric light was to
hasten maturity,
and the nearer the
rlants were to the
ight the greater
was the accelera-
tion, which was par-
ticularly marked in
the case of cro
like endive, spinach,
cress and lettuce.
He noticed a ten-
dency for the plants
to run to seed, and
the leaves which de-
veloped near the
light became small
and curled. The
amount of starch in
the leaves of both
the electric and the
non-electric plants
was the same, al-
though the starch
appeared to be more developed in those plants
exposed to electric light. Lettuce plants within
three feet of the lamp were killed outright soon
after they came up, and the remaining plants were
seriously injured, developing small, curled leaves.
The farther away the plants were from the light,
the more vigorous they appeared, but they were
not 80 vigorous as those grown in sunlight.
Radish plants made strong bendings toward the
electric light ; their foliage curled and the injury
was in direct proportion to the proximity of the
lamp. Those plants located within three to six
feet of the lamp were nearly dead in six weeks,
while those fourteen feet away showed little
injury. The normal crops during the same length
of time made twice the development of those
subject to the electric light. Chemical analysis
proved that there was more ash in them, twice as
much potash, and the chlorophyll was somewhat

after planting in permanent quarteis.

more than in the normal plants. Nitrogen, however,
was the same in both cases, but more amide nitro-
gen had been changed into other forms than in the
normal plants, and those grown under an electric
light were richer in albumenoids. Dwarf peas
blossomed and fruited earlier but yielded only four-
sevenths as many seeds as those under normal con-

(Bailey.)

ditions, while the plants were considerably shorter
in growth. Bailey found that carrots showed the
least injury from the effects of the arc light.

The experiments just described were all made
with a naked arc light; but he further experi-
mented on the effects of screening the arc light
with glass, in which case he made use of opal
globes. This screening eliminated many of the ill
effects brought about by the naked arc light ; while
the loss in radishes from the use of the naked arc
light was 45 to 65 per cent, with the screened light
it averaged only 1 to 5 per cent. His results with
lettuce were thé most encouraging. This plant
seemed able to adapt itself completely to screened
light, while other plants, as before, showed a ten-
dency to run quickly to seed.

He then attempted to operate his electric light
for only half the night, with the result that the
foliage of radishes was noticeably larger., Peas, on
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the other hand, showed small leaves and less fruit
under these conditions.

The most favorable results, however, were secured
in the case of lettuce, when the house was lighted
only half the night (Fig. 44). At the end of three
weeks the lettuce plants under the influence of
electric light were fully 50 per cent in advance of
those in the normal house, and the color and other
characteristics of the plants were equally good.
The lighted plants had received about 704 hours
of electric light during this period, and they were
ready for the market one month later; but it was
six weeks before the plants in the normal house
were equally developed. This forcing required
1613 hours of electric light, at a cost amount-
ing to about $7. This experiment was repeated
several times, with practically the same results.
Further experiments showed that the injurious
effects of electric light can be overcome by the
interposition of glass, and good results were ob-
tained by suspending a lamp surrounded by a

lobe. Plants that were injured by the naked arc
ight hung inside the house, were benefited by the
same light hung above the roof. Experiments were
also made with colored screens. The practical con-
clusions which Bailey drew from his researches are
that lettuce can be profitably forced by the use of
the electric light, and that probably many flowers
can be similarly benefited.

Bailey’s experiments with other market-garden
crops and flowers under glass gave varying results
which, on the whole, were not encouraging, the
light in some cases not producing much modifica-
tion, while in others modifying them in an unde-
sirable way. Some of the unfavorable results which
he noticed were a spindling growth, a bleaching of
some of the leaves, disintegration of the cells and
a collapse of the chlorophyll bodies; but these
injuries are lessened or prevented by the inter-
position of clear glass, which cuts off the ultra-
violet rays.

W. W. Rawson, a Boston market-gardener, has
employed electric light for some years in connec-
tion with his lettuce business, and has reported
beneficial results from the use of an arc light sus-
pended over his houses.

Bonnier, of the University of Paris, has investi-
gated extensively the effects of electric light on
plants and has arrived at many interesting con-
clusions which are not at variance with those of
other experimenters. He found that electric light
contains more of the ultra-violet rays, which can
be screened out or weakened by the use of thick
glass, and that plants illuminated by screened
electric light differed widely from those cultivated
normally, as well as from those cultivated under
an intermittent light,—twelve hours of darkness
and twelve of light. According to his observations,
plants grown entirely under electric light possessed
much greater quantities of chlorophyll, and even
the deeper-lying tissues not normally possessing
chlorophyll were green. The axes of plants were
also shorter than those grown under normal con-
ditions, the leaves smaller and thicker and the
flowers normally developed but more highly col-

ored. The internal structure of such plants
strongly resembled etiolated plants ; that is, the me-
chanical tissues were not well differentiated. On
the other hand, he found that plants exposed to
discontinuous electric light showed some abnormal
symptoms, but, in general, they possessed similar
characteristics to plants grown in sunlight. It is
thought that an uninterrupted duration of illumi-
nation is responsible for the deviation from the
normal structure.

Bonnier made comparisons with plants grown in
northern latitudes and those grown on the moun-
tains of central Europe, and he maintains that the
plants of northern latitudes possess less differen-
tiation of structure than those in the mountains of
central Europe, and that the same species of plants
grown in continuous light resemble those wkich
are found in the polar regions.

Electric incandescent light.

Rane experimented with incandescent light, the
results of his work appearing in Bulletin No. 37 of
the West Virginia Experiment Station. His results
appear to be very similar to those secured by Bailey
and others with the arc light.

The essential difference between the arc light
and the incandescent light in this connection is
that in the arc light the chemical or actinic rays
are prominent, while in the incandescent light these
are only slightly present. The spectrum of the in-
candescent light is that of carbon at low intensity,
the luminous part of the lamp being cellulose; it
is modified somewhat by the glass of the bulb. The
incandescent light is much steadier than the are,
and it casts no sharp shadows; it is less expensive
and requires almost no care. Rane found

(1) That the incandescent electric light has a
marked effect on greenhouse plants.

(2) That the light appears to be beneficial for
some plants grown for foliage, such as lettuce.
The lettuce was earlier, weighed more and stood
more erect.

(3) That flowering plants blossomed earlier and
continued in bloom longer under the light.

(4) That the light influences some plants, such
as spinach and endive, to run quickly to seed.

(5) That proper watering appears to be more
important with radishes, beans and cuttings than
improper watering plus the electric light.

(6) That the stronger the candle-power the
more marked the results, other things being equal.

(7) That most plants tended toward a taller
growth under the light.

Acetylene light.

The use of acetylene light for forcing plants has
not yet had suofficient study to justify positive
assertions regarding its value. Perhaps the most
important investigations were those made at the
Cornell Experiment Station in 1905 and 1906, and
reported by John Craig, in the “ Acetylene Journal”
for September, 1906. The following discussion is
an abstract from this report. (The full report, in
bulletin form, to be made by the Cornell Station, is
not published as this article is written) :
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The chief interest in the use of acetylene light
for forcing plants, centers about the fact that in
its composition it more nearly resembles sunlight
than any other artificial illuminant in use. It is
composed of the same colors and in very similar
degrees of intensity. Miinsterberg makes the fol-
lowing comparison of color values of acetylene and
sun rays, allowing 1 to equal the value of each
color of sunlight :

Sun ACETYLENE
Red 1 1.03
Yellow 1 1.02
Green 1 n
Blue 1 1.46
Violet 1 1.07

Indigo and orange are not given. The ultra-vio-
let rays, the injurious factors in the case of electric
light, are practically absent in acetylene, although
blue and violet are equally strong.

In these experiments, acetylene was added to
sunlight, being turned on after twilight. For com-

ison, the experiments were conducted in warm
60°-65°), medium (50°-55°), and cool (45°-50°)
rooms. Lettuce, parsley and spinach were hastened ;
coleus increased in vigor ; asparagus showed little
effect ; begonias gave increased growth, but delayed
flowering period; Cobea scandens produced 15
to 20 per cent more vine; ferns, leeks, onions
and beets showed very little effect ; radishes in the
cool house in the dark days of autumn produced
more than twice the root product, the time period
was increased 62 per cent, and the maturing period
shortened about 20 per cent ; strawberries grew
more vigorously and ripened fruit sixteen days
earlier ; peas and bush beans were benefited ; pole
beans produced a much heavier vegetative growth,
but matured fruit later ; cucumbers were appar-
ently injured.

The results of the experiments may be briefly
summarized. Comparing the results of the differ-
ent vegetables, we find

(1) That with the exception of the cucumbers,
all the forms had a decided increase of the foliage
parts.

(2) That the time of fruit-maturing is variously
affected, the strawberries and peas maturing ear-
lier, the tomatoes and pole beans later, and the
cucumbers and other forms practically unchanged.

(3) That there is, as a rule, an increase in the
amount of fruit, also in size of individual fruits, the
cucumber being the chief exception.

(4) That the chief beneficial effects of the light
are to make up for deficiency of sunlight, to give,
with few exceptions, stronger and more vigorous
top growth, and to help overcome unfavorable con-
ditions in certain other lines.

(5) That there seems to be a limit in rapidity of
growth, beyond which plants cannot be forced at
all proportional to the attendant expense. Just
what conditions govern this limit or where the
limit is in forcing-house plants, is as yet unknown.

Photosynthetic processes are completed to the
point of starch-making ; root systems increased in
the main proportionately with top development.

Influence on blooming.—With three exceptions,

TO ARTIFICIAL LIGHT 25

all plants bloomed earlier under acetylene light
than under sunlight. Some of the geranium plants
bloomed twenty days earlier. The blooming of car-
nations was hastened, but the stems were elongated
to an injurious extent. The growth of Easter lilies
was increased
and the flower-
ing period has-
tened (Fig. 45).
The influence
on the quantity
of the bloom was
marked. In
every case there
was an increase,
two or three '
times as many
blossoms being
produced in
some plants. The
effect on the
duration of the
bloom was some-
what contradic-
tory. Cucumber
flowers remained
on the vines a
shorter time.
Lily and narcis-
susflowers lasted
longer under the
acetylene. Bulb
plants came to
maturity under
acetylene light
alone with no
sunlight, and
other plants
made green foli-

age (Fig. 46). at the right; a plant of equal

General sum- strongth and age grown with
mary.—These acetylene light to sun-
preliminarytests light, at the left.

gave marked results, but much more experimental
work must be done. Ninety to ninety-five per cent
of the plants experimented with responded favor-
ably to the stimulus given by the acetylene light.
There was no uniformity of results within a group
of related plants. No striking detrimental results
were observed except when plants were grown
under optimum conditions.

Incandescent gaslight.

L. C. Corbett experimented with the Welsbach
incandescent gaslight, the results of his work ap-
pearing a8 Bulletin No. 62, of the West Virginia
Agricultural Experiment Station. These tests were
of an economic rather than a scientific nature. In
no case was the artificial light found to be a satis-
factory substitute for daylight. But it is thought
that, could the conditions of the plants in the dark
chamber during the day be kept as nearly normal
as are the conditions for plants exposed to the arti-
ficial light at night only, the results would be very
different. A possible explanation of the stimulus
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following the use of the incandescent gaslight and
the incandescent electric light as well, as gathered
from these experiments, is from their richness in
red and orange rays. A summary of the results of
Corbett’s work showed :

(1) The incandescent gaslight of the Welsbach
burner was an active stimulus to plant growth
when used at night to supplement daylight.

(2) Lettuce plants subjected to the influence of
the incandescent gaslight at night were taller and
heavier than plants of the same variety and seed-
sowing grown in normal conditions.

(3) Lettuce and spinach subjected to the stimu-
lating influence of the light grew faster and com-
pleted their growth in less time than plants of the
same sorts from the same seed-sowing grown in
normal conditions.

(4) No injurious effects resulted from the use of
the incandescent gaslight.

(5) The stimulating influence of the light as indi-
cated by the growth of plants used in various tests
is shown by the order in which the sorts are named,
the first being the most susceptible —spinach, cab-
bage, radish, lettuce, tomato.

(6) The range of the light was somewhat vari-
able for the different crops. In general, the maxi-
mum growth was attained at twelve to sixteen
feet from the light, while a perceptible increase
was noted at twenty-four feet.

(7) Bloom record of tomatoes showed markedly
earlier bloom in the light house,— eight days the
least and eighteen days the greatest difference.

(8) In the case of radishes, top growth was stim-
ulated, but evidently not markedly, at the expense
of root. With sugar-beets, top growth was greatly
stimulated, evidently at the expense of root
growth.

(9) While the roots of beets grown in the nor-
mal house were larger than those in the light
house, the sugar contents and the percentage of
purity were markedly higher in the light-house
grown plants.

(10) Spinach, lettuce and radishes all tended to
make seed-stalks earlier under the light.

(11) Lettuce and spinach under the influence of
the incandescent gaslight not only grew faster
during the growing period, but the period was
:ctually longer than for plants in the normal

ouse,

The Cooper-Hewitt mercury vapor electric light.

C. P. Close, of the Delaware Experiment Station,
endeavored to determine the effect
of the Cooper-Hewitt mercury vapor
electric light on plants. The re-
sults of his work were presented
before the Society for Horticul-
tural Science, at its second annual
meeting, and are recorded in the
proceedings of the society.

In conducting this test it was
necessary to have an enclosed place
practically light-tight, so as to ex-
clude the daylight and allow the
plants to have the artificial light
only. This was provided by build-
ing in the greenhouse a *double-
deck ” bed, using the upper bed for
plants in sunlight and the lower
bed for those in artificial light. The
lamps used were the Cooper-Hewitt
4-H pattern. These were suspended
as nearly over the center of the

bed as possible. Owing to variation in the electri-
cal potential —from 100 to 125 volts —a constant
intensity of light could not be maintained.

The light from these lamps is perfectly white,
devoid of red rays. The candle-power of a 4-H
lamp, or tube, is about 650, and the expense
candle-power is about one-eighth that of the camfl:
power of the incandescent electric light, and about
three-fourths that of the arc light. The light is
caused by the vapor of mercury in the tube becom-
ing heated white hot as the electric current is
passed through it. One end of the lamp-tube is
positive, the other negative, and the vapor of mer-
cury completes the circuit by connecting the two.

Tests were made with lettuce and radishes. Over
the lettuce at first only one lamp was used, placed
about sixteen inches from the soil. The growth was
unsatisfactory because of the unfavorable tem-
perature and atmospheric conditions of the bed, due
to the tight enclosure, allowing no ventilation.
The excess of moisture that accumulated in the
atmosphere was a great hindrance. The plants
received light only during the night. They partook
of the nature of twining plants. The stems were
long and produced leaves at intervals of two or
three inches; and not being strong enough to sup-
port their weight, assumed a recumbent position.
It was impossible to keep plants alive for any
length of time when they were more than two or
three feet beyond the end of the lamp-tube. The
time for germination was the same as for seed
sown in daylight. The formation of chlorophyll
seemed to be perfectly normal. After a few weeks
the plants came practically to a standstill. With
two lamps, the results were but little more en-
couraging.
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The results with radishes were practically the
same. There was no fleshy root development, and
the plants were long and weak. There was very
little leaf-growth, although there was production
of chlorophyll.

These experiments must be considered prelimi-
nary. They demonstrated that chlorophyll could be
furmed by this light, devoid of red rays. With im-
provement in the electrical apparatus better results
are to be expected.

Influence of colored light on plants.

Investigations pertaining to the effects of the dif-
ferent rays of light on plants have been conducted
for many years, although many of the earlier ex-
periments are more or less faulty, since pure spec-
trum colors were not always employed, nor were
the plants always subjected to the same degree or
intensity of light.

Flammarion found in his experiments with sen-
sitive plants that red light accelerated growth the
most, this being followed by green, white and blue
light, in the order named. His experiments were
made in a small conservatory behind clear and
colored glass, which, however, did not in all cases
furnish strictly monochromatic light. Other obser-
vers have shown that plants grow more vigorously
in orange rays and that they resemble those which
grow in darkness, while those subject to blue light
resemble plants grown in daylight. While orange
light produces effects similar to those in plants
grown in darkness,—that is, they develop small
leaves and elongated internodes, resembling etio-
lated plants,—their leaves are green. On the other
hand, blue light prevents the expansion of the
cotyledons in some cases, and, since it does mnot
induce photosynthesis, there is little need of their
expanding.

The effect of orange light on the growth of
fungi is similar to that brought about by darkness.
For example, the aérial hyphe of Pilobolus become
greatly elongated when grown in darkness or in
orange light. Blue light, however, induces irritable
movements or heliotropic curvatures. Sachs found
that the elimination of the ultra-violet rays has an
effect on the production of flowers, causing a less
luxuriant development of them. The accurate ex-
periments of Englemann, Reinke and Timiriazeff
have shown that photosynthesis in green plants
reaches its maximum in the red and orange rays of
the spectrum between the lines B and C. In the
case of the red alg=, however, the region of maxi-
mum assimilation is somewhat different, since the
greatest photosynthetic activity is shown between
the yellow and green bands, while in the blue-green
alg®e this occurs between the orange and yellow.
There is some reason to believe that such pigments
aa phycoerythrin, found in the red algm, may pos-
seas some ecological significance, since the plant
frequen%e grows at considerable depths in the
ocean. most active assimilation is caused in
the purple bacteria in the infra red rays or those
rays having wave lengths of 800 to 900 u u.

8ome investigators have noted an injurious effect
of the green rays on certain plants. This may be
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accounted for by unlike methods used in experi-
menting, although it is well known that different
plants respond in a different way to the same light

stimulus., Plants respond to the ultra-red and ultra-

violet rays, which are well known to make no
impression on the retina; and the same may be
held to be true in regard to other forms of radiant
energy. It has been shown that electrical radia-
tions characterized by wave lengths vastly longer
than the last visible red rays are able to produce
certain physiological effects on plants, but whether
this will apply to the Rontgen and Becquerel rays
has not been definitely proved.

There is little likelihood of monochromatic light
being employed to advantage in growing crops,
since plants are best adapted to mixed rays, such
as occur in sunlight.
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THE STIMULATION OF PLANT GROWTH
BY MEANS OF WEAK POISONS

By Howard S. Reed

That plant growth can be accelerated by the
action of certain poisons has been known for some
time. The method was at first practiced in labora-
tory cultures, but has now been applied success-
fully to plants growing in the field. Experiments
indicate that the tillers of small farms and market-
gardens would profit greatly by the practice of
crop-stimulation ; they will be able not only to
raise larger and more succulent vegetables but to
hasten the maturity of them.

In the practice of medicine it is well known
that when small doses of poison (e. g., strychnine,
alcohol, arsenic) are administered, a stimulation of
some part of the body results. In a general way,
the same principle has been noticed in the growth
of plants. The application of gypsum, or land-
plaster, while it undoubtedly sets free potash in
the soil, has long been recognized as stimulating.
The application of fungicides, as Bordeaux mix-
ture, has been found beneficial : first, the mixture
kills parasitic fungi; and, second, it stimulates the
glants to more vigorous growth. Grapes and goose-

erries sprayed with Bordeaux mixture were found
to contain 1 to 2 per cent more sugar than the
fruit from unsprayed.but healthy plants.
Experiments with poisons.

Experiments in pure cultures have been con-
ducted principally on the lowly plants, viz., the
algz and fungi. In 1897, Richards discovered the
stimulating effects of zinc salts on the growth of
the mold fungi. Ono, working in Japan, found that
compounds of zinc, copper and iron, when present
in very small quantities, exerted a stimulating
effect on the growth of alge. In this case he found
that the stimulation was more manifest in the
reproductive activity of the plants than in the
growth in size of the individuals. Le Renard found
that the greatest stimulation with mold fungi oc-
curred in the presence of the best and most avail-
able food supply. As supplementary to this fact,
we may mention that the presence of very small
amounts of copper in distilled water is fatal to the
growth of the roots of seedlings; while in the pres-
ence of food it would undoubtedly cause stimulation.

The writer has observed that seeds which have
been soaked in very weak potassium bichromate
solution to kill adhering germs, germinate in
shorter time than those soaked in pure water. Miani
found, too, that pollen-grains germinated better in
water containing copper coins than in pure water.
The effect of chemicals on seed germination has
been studied by many investigators, under a variety
of conditions, and the literature is rather extensive.
With the exception of certain reagents, however,
no definite general statements can be made regard-
ing their action. Further work is needed to estab-
lish the principles on which action takes place. It
is probable that the factors influencing germination
differ fundamentally in certain respects from those
affecting later growth. One need not expect, there-

fore, that germination will be stimulated by the
same compounds that stimulate the growth of the
adolescent plant.

Richards and his students have recently estab-
lished the fact that stimulated plants work more
economically than unstimulated plants, i. e., the
attain to a given size and weight with a muc
smaller consumption of food material.

The results obtained from growing plants in pure
culture are not all applicable to plants growing in
the soil. Compounds of iron, manganese, fluorin,
and iodin seem to promise most for practical agri-
cultare. The best results have often been obtained
by applying a mixture of two or more compounds.

Sulfate of iron (copperas) has often been the
subject of experiment. Some experimenters re-
ported favorable results, some unfavorable, and
some inferred that it had no influence whatever.
Its benefits varied according to the quantities used.
Loew found that the application of 1 to 2 ounces of
sulfate of iron per ton of soil resulted in a stimu-
lating action, and Griffiths observed very good
results when it was applied at the rate of 50 to 100
pounds per acre.

The advantage of applying two stimulating sub-
stances to the soil instead of one may be seen
from the results of an experiment which Loew
performed, using tobacco plants. The plants were
grown in soil in pots, some were watered with
dilute solutions of manganous sulfate and iron sul-
fate (0.3g MnSO, + 0.2g FeSO, in 100 cc. water),
others with manganous sulfate or iron alone. The
average height to which the plants attained in
eleven weeks after the application of stimulants
was as follows: When no stimulant was applied,
45 inches; when manganese and iron were both
applied, 59 inches; when manganese alone was
applied, 58 inches ; when iron alone was applied,
55 inches. The average number of flowers and
buds on the same plant was also distinctly greater
on the plants that received two stimulants. Those
that received both manganese and iron produced
63 flowers and buds; when manganese alone was
applied there were 50 ; when iron only was applied
there were 55, and on the control plants, none.
It is thus shown that the application of stimulants
not only produced larger plants, but hastened their
period of blossoming. An additional point in favor
of iron sulfate and manganous sulfate is their
cheapness, since both salts can be applied directly
in the raw, unpurified state.

Compounds of iodin have given marked stimu-
lation to plant growth. However, since they are
extremely poisonous to plants, they must be used
in very small quantities. A top-dressing of iodid
of potassium, applied at the rate of 50 pounds to
the acre, injured wheat and barley. Suzuki found
that such small quantities as one-third of an onnce
per acre were sufficient to cause stimulation, and
that four ounces per acre was amply sufficient.
These small quantities were dissolved in water und
sprinkled on the soil. This substance increased the
weight of radishes 31 per cent over the yield on
control plots.

The writer has tried the effect of some poisonous
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substances on the growth of potatoes. Although
the results are far from complete, they indicate
that magnesium carbonate, applied at the rate of
200 pounds per acre, and iron and manganous sul-
fate applied at the rate of 17 and 175 pounds per
acre respectively, exert a stimulating action on
the growth of potato tubers. The benefits of stimu-
lation were shown not only in the increased yield
of the tubers, but also in their improved quality.
The action of the same poisonous compound is not
always the same on different crops, just as the
feeding of different crops must vary. The action
will probably vary also on soils accord-
ing to their content of acids or alkalies.
The application of small quantities of
organic substances having a toxic effect
at high concentrations is often beneficial,
especially when applied to certain un-
productive soils. Bulletin No. 28 of the
Bureau of Soils of the United States De-
ment of Agriculture describes the
neficial effects of tannic acid and of
pyrogallol when applied in small quanti-
ties to an unproductive soil. The applica-
tion of tannic acid at the rate of one part
per million of soil increased the growth
of wheat seedlings about 75 per cent. In
another experiment, pyrogallol was added
at the rate of 500 parts per million of
soil. On soil so treated, the growth of
wheat plants was twice that on the un-
treated soil. While it is not probable that
the application of either of these last-
named substances will be profitable for
the commercial grower, it is shown that growth
may be accelerated by a wide range of substances.
It may be in place to mention the action of an=zs-
thetics on plant growth, since the anzsthetics
behave as poisons if they are allowed to act for any
length of time. The plants are inclosed in a tight
compartment and exposed for a short time to the
vapors of ether or chloroform. At the Government
Botanical Garden in Dresden, lilacs treated with
ether on October 19 produced blossoms November 8.
Another season the etherized plants blossomed
November 13. Etherization does not hasten the
blooming period of lilacs if the period of rest is
entirely completed before the anasthetic is applied.
The practice of etherization is meeting with
favor among the florists of France. In America
it has been applied with success to the forcing of
rhubarb and asparagus. Sandsten showed that chlo-
roform and ether had an accelerating influence on
seedlings, but they were injurious to narcissus.
Experiments made at the Cornell (N. Y.) Experi-
ment Station gave interesting results. A Persian
lilac, Syringa vulgaris, was placed in the forcing-
house on November 24, after having been etherized
for 24 hours. Within five days many leaf-buds
were entirely open, and by December 11 the plant
was in full leaf. The first flower-buds opened on
December 6, and the plant was in full bloom on
December 25, just 31 days after the beginning of

Fig. 47,
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the experiment. A check plant did not reach full
bloom till six days later. When the plants were
exposed to ether fumes for a longer period, more
marked results were secured. A lilac etherized for
48 hours made a gain in coming to full flower of 8
days over the check plant; one etherized for 72
hours gained 10 days. Astilbe Japonica etherized
for 24 hours, in one instance was in full bloom a
month to five weeks before the check plant. Experi-
ments with bulbs also showed favorable results
from etherization (Fig. 47). Narcissus showed a
gain varying from two days to three weeks in

Narcissus etherized (at the right) and not etherized (at the left).

coming to full bloom, results contradictory to those
secured by Sandsten. Two lots of Lilium longi-
Jlorum showed a decidedly taller growth, but no
gain in the time at which first blossoms appeared.
A third lot, which had been etherized for a longer
time, showed a gain in both time and height. [A
brief account of these Cornell Experiments, by J.
Eaton Howitt, and Claude I. Lewis, appears in
The Cornell Countryman, May, 1906 ; a bulletin of
the work has not appeared as this article is written.]
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EFFECT OF ELECTRICITY ON PLANTS
By G. E. Stone

The relation that exists between -electrical
stimulation and plant growth has been a subject of
much study, covering a great range of methods and
conditions, and producing varied and conflicting
results ; but the question has not yet had the care-
ful and systematic study necessary to the formu-
lation of rules for practical application. Much
has been written on the subject, and the reader
will find a few citations at the end of this article.
It is here possible to give only a very general
outline of the experimental methods that have
been tried and the results.

Historical sketch of methods and results.

Investigations pertaining to the effects of elec-
tricity on plants have been made by various ex-
perimenters for 150 years or more. It might be
supposed that electricity, which so universally
manifests itself in nature, would undér certain con-
ditions be capable of acting as a stimulus to plants.
That the roots of plants are susceptible to the
influence of galvanic currents (galvanotropism)
has been shown by the experiments of Elfving,
Brunchorst and others ; and Hegler has shown that
the aérial hyphe of Phycomyces nitens are nega-
tively electrotropic ; that is, they bend away from
Hertz waves. It has also been known for some
time, through the experiments of Kunkel and
others, that electric currents exist in the plant
itself. The cause of these currents has been attrib-
uted to minute streams of water passing through
the plant. The experiments of Haake have shown
that differences in the electrical potential in the
plant are chiefly caused by metabolism and res-
piration. '

The influence of current electricity on plants has
received the most attention. Attention was first
called to the influence of electricity on growing
plants about the middle of the eighteenth century.
The experiments made by Dr. Mainbray, of Edin-
burgh, in 1746, were among the first. He electrified
two myrtles for a period of one month, and reported
that not only was their growth accelerated but
that they put forth blossoms, which was not true
of myrtles not electrified. About the same time,
Nollet, a distinguished French physicist, who had
heard of Mainbray’s experiments, took up the sub-
ject. He had previously been occupied with the
phenomena connected with the behavior of fluids in
capillary tubes, and Mainbray’s experiments sug-
gested to him the possibility of the increased
growth in plants being due to the increase in the
flow of sap brought about by electrical stimulation.
His first experiments were made on various fruits,
which after being weighed were electrified and then
weighed again, and the result showed that elec-
tricity considerably accelerated evaporation. In
1747, Nollet experimented with two wooden pots
filled with earth, in which were planted mustard
seeds. One was treated daily with an electrical
machine, the other being kept as a check. He found
as a result of electrifying that germination was

considerably increased, and in the course of a week
or more the electrified plants were nine inches
high, while the non-electrified ones were only thres
inches high. Nollet repeated the experiment a
number of times with various plants, always
obtaining the same result. He found, however,
that the electrified plants were, as a rule, weaker
than the non-electrified. Jallabert, in 1746, re-
peated Nollet’s experiments on mustard and cress
seeds, and obtained similar results. He also elec-
trified bulbs of hyacinths, jonquils and narcissus
placed on cakes of resin in glasses filled with
water, the resin being connected with wires leading
to a frictional machine. He found, as had Nollet,
that the electrified ones gave off more moisture
than the non-electrified ones, and also that the
electrified plants grew more rapidly. Their leaves
were larger and their flowers opened sooner than
the ones not electrified.

Experiments were made about the same time
also on bulbs planted in boxes, with similar results.
In 1747, Boze electrified several different kinds of
shrubs, the growth of which was accelerated.
Similar results were obtained by Menon, in 1748.
In 1771, Sigaud de la Fond experimented with
bulbs, and found that when they were electrified
they grew faster and formed more healthy plants.

De Lacepede, in 1779, found growth and germina-
tion invariably accelerated by the use of electricity.
Marat, in 1782, experimented with lettuce and ob-
tained positive results. Bertholon subsequently
repeated the experiments of Nollet and obtained
similar results, and he moreover made many obser-
vations in regard to the effects of electricity on the
ripening of fruit, color of flowers, and the like. He
was the first to attempt to apply electricity in a
practical way in the growth of crops, and he even
went 8o far as to recommend it as a panacea for all
diseases caused by insects and fungi. Achard, De
Saussure and Gardini likewise reported beneficial
results from the use of electricity.

Gardini stretched iron wires over his garden at
Turin for the purpose of experimenting with atmos-
pheric electricity. After a short time the garden,
which had been unusually prolific, began to fail,
the plants became unfruitful and wilted. Ingen-
housz and Schwankhard, in 1785, made experiments
with plants cultivated in Leyden jars filled with
water, and obtained negative results. The experi-
ments were criticized by Duvarnier, who maintained
that the methods employed were not satisfactory.
Ingenhousz’s negative results were confirmed by
Sylvestre, Paets, Van Troostwyck and Krayenhoff.
Ingenhousz and von Breda repeated Gardini’s
experiments with overhead wires across a garden,
but both failed in observing any effect whatsoever
on the plants. In 1768, Carmoy sowed grains of
wheat in electrified tin vessels and found germi-
nation and growth accelerated. Rouland secured
negative results with cress seeds planted on plates
of cork in electrified porcelain vessels filled with
water. D’Ormoy electrified mustard and lettuce seed
for several days in moist earth and found their
germination always accelerated. Bertholon enclosed
seeds of turnip, endive and spinach in tin-foil and
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kept them constantly electrified for some days, after
which they were sown. He found germination accel-
erated. Vassalli, in 1788, obtained beneficial results
from treatment, and so did de Rozieres, who experi-
mented with wheat, beans, rye, peas, radish, and
others. De Rozieres maintained that not only was
germination accelerated, but in all cases the
electrified plants were larger, with longer roots and

eener leaves. Hum-

ldt believed that
electricity exerted
considerable influence
on plant growth. On
the other hand, Sene-
bier was doubtful,
while de Candolle was
led to think by his
experiments that elec-
tricity had very little
effect on plants.

The various experi-
ments which were
made with electricity
up to this time were
made with static elec-
tricity. With the dis-
covery of voltaric electricity, other methods of
experimenting were employed.

From the year 1800, the suject of electricity and
plant growth received little attention until 1844,
when there was considerable interest manifested in
the subject from the results of Forster’s experi-
ments. He endeavored to utilize the atmospheric
electricity by stretching wires over a crop of
barley, and found that growth was increased in
a8 most extraordinary mannmer. In 1844, Ross
made some experiments with galvanic currents
which were described in the proceedings of the
New York Farmers’ Club. He planted a field of
potatoes, at one end of which he buried a copper
plate five feet in length and fourteen inches deep,
connected with a wire to a zinc plate of the same
size 200 feet away, at the opposite end of the row.
According to Ross, potatoes grown on the treated
row were two ancf one-half inches in diameter,
while those grown on the untreated row in July
were only one-half inch in diameter. Similar gal-
vanic culture experiments have been made by
Sheppard, Helmert, Fitchner and Sohne, Tschinkel,
Holdefleiss, Maercker, Wollny and others. Sheppard
employed copper and zinc plates two feet long and
nine inches wide. These were connected with wires
and buried in the soil nine feet apart, and a num-
ber of seeds of different kinds were sown in be-
tween them. He found that many of the seeds
germinated poorly, and some of the plants eventu-
ally died, although the electrically stimulated
turnip plants showed a greater development than
the check plants. Helmert found in some instances
that growth was accelerated ; on the whole, how-
ever, he obtained negative results. Fitchner and
Sohne secured positive results with buckwheat, sum-
mer wheat, peas, and certain other crops. The gain
was 16 to 127 per cent. Tachinkel obtained a con-
siderable acceleration in germination and growth.

tor's feet. (After Wollny.)

Fig. 48. An early plan for applying electrified water to plants (Bertholon, 1783).
to atand on an insulated mounted platform drawn by the two attachments at the right. The

The electrified plants, he asserted, were much more
robust. He attributed the beneficial effects of elec-
tricity to the decomposition of certain salts in the
soil. Holdefleiss found both growth and germination
to be accelerated. Maercker experimented with
sugar-beets, and his experiments showed no differ-
ences between the treated and the untreated plants
either in the weight or percentage of sugar. Some

The man was

electric current was to be carried by a wire attached to the pot, and uncoiling at the opera-

experiments were made by Wollny on a more exten-
sive scale and in a very careful manner, with rye,
beans, peas, potatoes, rape, beets and others, and in
almost every instance he obtained negative results.
Chemical analysis of the tréated and untreated soil
showed no difference in the amount of potash,
ammonia, phosphoric acid and potassium nitrate,
even when comparatively strong currents had been
passed through it. Blondeau found that when seeds
of peas, beans and wheat were treated one minute
with a constant induction current, germination was
hastened, and the electrified seed gave rise to
stockier and greener plants. He also found that the
fruit of the apple, pear and others ripened much
earlier when subjected to electrical treatment.

Chodat employed static electricity, and found that
the germination of the pea was accelerated, and
that the electrically treated seedlings were longer
and thinner, and their leaves somewhat smaller
than normally grown plants. Paulin, who likewise
used static electricity, obtained positive results.
He placed his seeds inside a Leyden jar in which
was suspended a copper wire connected with the
conductor of a frictional machine. In order to get
the best results, he found that the jar containing
the seeds must be charged hourly, the length of
time which this must be kept up depending entirely
on the kind of seed empioyed. He maintained that
electricity not only accelerates germination but
that it is capable of awakening the dormant life in
seeds.

Speschnew found germination greatly accele-
rated by the use of galvanic electricity. According
to Speschnew, treated seeds germinated four or
five days earlier than untreated seeds and possessed
longer and stockier stems. Weakes applied electri-
fied water to seed, which resulted in an accele-
rated germination and growth of seedlings. McLoud
found, by the use of direct currents, that many seeds
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germinated earlier. The growth of the treated
seeds, moreover, exceeded that of the normal.

Paulin erected poles in the middle of his experi-
mental plots, which supported a collector composed
of numerous copper wires. An insulated wire con-
nected the collector with an iron wire buried in the
soil. He asserted, as a result of his experiments, a
gain of 334 per cent in the production of potatoes.
Jodro experimented in a similar way. However,
he connected his collector, which was on a pole 35
feet high, to a wire attached to zinc plates in the
soil. He obtained an average increase of 25 to 50
per cent, and in some instances nearly 100 per cent.

Maccagno’s method was somewhat different from
the preceding one. He attached wires directly to
sixteen grape-vines and endeavored to pass the
atmospheric electricity through the plant. Chem-
ical analysis of the plants at the end of the season
five months later showed only a slight difference
in the normal and treated plants.

Aloi found that atmospheric electricity works
favorably in the germination and growth of Lactuca
sativa, Zea Mays, Triticum sativum, Nicotiana
Tabacum, and Faba vulgaris. Celi employed static
electricity. He asserted positive results by charg-
ing a wire provided with numerous small points,
which were suspended over growing seedlings.
Freda experimented in a similar way with Penicil-
lium, but obtained negative results.

Lemstrom obtained favorable results with static
electricity in a large number of cases, in which he
used a large Holtz machine. The wire meshes were
suspended over the plants which connected with
the positive pole, the negative pole being connected
with the ground. His experiments extended over
a period of years, during which time he employed
a larger number of plants than any of his prede-
cessors and, on the whole, his experiments are the
most trustworthy. He used a large variety of
plants, some of which were favorably and others
unfavorably stimulated. He demonstrated that
strong charges were unfavorable, and arrived at
the conclusion that electricity acts in an indirect
way, and that ozone is produced by electrical dis-
charges which have an influence on plants.

Atmospheric electricity.

Duhamel, in 1758, maintained that electricity
may be concerned with those remarkable atmos-
pheric changes which affect plants in so marked a
manner. Similar ideas were entertained by Mann
and Beccaria, who believed that after thunder-
storms plants of all kinds grew with remarkable
vigor. However, he attributed more marked effect
to the constant but feeble electric conditions of the
earth. Bertholon, in 1773, called attention to the
influence of meteors and lightning on the germina-
tion of seeds and the growth of plants. He attrib-
uted the failure of the hop crop in 1787 to the
comparatively small amount of lightning during
that year. In fact, it has been believed for many
Lears in Europe that there is some connection

tween thunder-storms and the behavior of plants.
A common saying among the German peasants is
that if a thunder-storm occurs during blooming

time buckwheat will not set its fruit. Some years
ago Lindley made measurements of plants during a
thunder-storm and found no particular differences
in their rate of growth, and Matthew thought to
have disproved the notions about buckwheat.
Among farmers and others the idea has long
been held that milk sours very rapidly during thun-
der-storms. There appears to be some foundation
for this belief, although bacteriologists attempt to
account for it by the occurrence of the warm and
humid condition of the atmosphere which usually
precedes thunder-storms. Qur experiments on the
influence of electricity on milk tend to show that
the farmer’s idea is well founded, at least in many
instances, since a very slight charge of electricity
given to milk increases the number of bacteria
enormously in a very brief period of tme.

Review of the early work.

Taking into consideration the results of the
various experiments which are embodied in the
foregoing résumé, there would appear, notwith-
standing the negative results, which, however, are
congiderably less than the positive ones, to be some
reason for believing that electricity exerts an
influence on plant growth. Many of the experi-
ments giving positive results were notably crude,
especially the earlier ones, and even many of the
later ones are not detailed enough to allow of any
reliable conclusions being drawn. In the greater
majority of cases too few plants were used, faulty
methods were employed, the seeds were usually
sown in earth where no accurate means of deter-
mining the relative acceleration of germination
was possible. In the utter absence of measurements
of current strength and the growth of plants, the
results based on mere superficial comparisons were
of little more value than guesswork. In some
of the more recent experiments, however, compari-
sons have been made of the treated and untreated
plants by weighing, and in some ingtances chemical
analysis, a very uncertain method, was resorted
to. On the other hand, it should be borne in mind
that it is easy to repeat some individual experiment
that gives a positive result, and by introducing
some slight variation in the methods employed, or
modifying the strength of current, results of a
quite different nature may be secured.

The most severe criticisms that can be brought
against the various experiments pertain to the lack
of sufficient data concerning the current strength
employed ; nor are there any data concerning the
resistance or electrical potential from which the
current strength might be calculated. The insuffi-
cient number of plants used and the lack of repe-
tition of various experiments under the same con-
ditions constitute serious objections. It would
appear that individual variation as a factor was
ignored in the majority of these experiments.

Since there is a limited range of current which
accelerates growth, it is an easy matter to over-
step the range and obtain negative results. This
would seem to be the case in the very carefull
conducted experiments of Wollny. The same cri
cism can be brought against Freda's experiments
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with Penicillium, in which case he obtained nega-
tive results. The writer is unable to find any indi-
cation of the potential employed in his experiments,
but from his results it would appear that he was
entirely out of range. If he had employed a poten-
tial of about fifty volts, different results would
uudoubtedly have been obtained, inasmuch as such
has been the case with Monahan’s experiments
with Mucor and Phycomyces, which are equally
delicate organisms.

Recent efforts and results.

The writer and some of his students have con-
ducted for many years an extensive series of ex-
periments dealing with the influence of current
electricity on plants. Only a part of the results of
these experiments has been published, and in giving
a résumé of the subject of electricity and plant-
growth, the writer will draw deductions from his
various experiments representing data secured from
the use of over 50,000 plantas.

The experiments made by Kinney in 1896 showed
considerable acceleration in the germination of
seeds and growth of seedlings, and the idea that
weak currents of electricity act as a stimulus was
proved to be well founded. He experimented with
static electricity and also with direct and alternat-
ing currents, all of which gave decidedly positive
results. His experiments have been repeated by the
writer and assistants, with similar results.

From experiments which the writer and his
assistants have conducted for many years in large
boxes charged with direct and alternating currents
and atmospheric electricity, it has been shown that
lettuce and radish crops are considerably accele-
rated in growth in all instances. The average per-
centage of gain in the electrically treated lettuce
plants in all experiments, as compared with the nor-
mal, or untreated plants, was 34.81. The average
percentage of gain of the electrically treated radish
plants over the normal, or untreated, ones was
37.34. The radish roots showed a gain of 17.26
per cent, while the tops or leaves showed 42.90
per cent gain. The strength of current employed
ranged from .05 to 1 milliampere. In these experi-
meots a large variety of plants has been employed,
with practically similar results.

Bacteria are greatly affected by electricity ; they
increase in numbers at a very marked ratio when
stimulated. The process of fermentation by yeast
in also greatly accelerated by the application of
minata direct currents or by a single tiny spark
from a frictional machine,

The range of currents acting favorably on
growth is limited and may be represented as rang-
ing from .005 to .55 milliamperes. Direct currents
are not so stimulating in all cases as alternating
currents, but static electricity stimulates very
appreciably, In the many thousand seeds which
have been used there is no evidence that electricity
awakens life in dormant seeds. It always acts asa
decided accelerator to germination and growth, but
the germinating capacity is in no way affected.

Monahan has shown that charging air with static
electricity constitutes an important stimulus to

B3

seeds and plants. Germination and growth in such
instances are greatly accelerated. He employed a
potential ranging from 50 to 175 volts, with most
excellent results. A too high potential or a too
strong current prevents growth, and if the current
is increased sufficiently it is easy to kill plants.
The maximum or death current is determined by
the nature of the plant, as well as the conditions
under which the plant is stimulated. On the other
hand, too weak currents do not produce perceptible
reactions. The optimum or best current the writer
found to be about .22 milliamperes.

The connecting of copper and zinc electrodes
placed in soil constitutes a very effective method, as

well as one of the cheapest ways, of
stimulating crops by electricity. Strips m

of copper and zinc one foot wide and four
to six feet long
connected with
wires furnish a bat-
tery when placed in
soil, which under
certain conditions
will generate an
optimum current.
The amount of cur-
rent which these
will produce de-
pends, of course, on
the size of the —
metal plates em-
ployed, together
with the nature of
the soil and other
factors. A soil lack-
ing in organic mat-
ter and plant-food

will give less cur-  NU - +
rent than a richer d

soil. Plates six

inches by three feet pig 4. 1o show the growth

in some soils would ~ of seedlings treated with
give a current  PoWtve and nesative
ranging from .02 normal untreated plant; U

—, treated with negative

to 1 ml"lmpere current; +, with positive current.

when placed four
feet apart, whereas, if these same plates were put
in some of the highly manured Boston market-gar-
den soils, they would generate ten to twenty times
as much current in a tolerably dry soil, when placed
farther apart. The amount of resistance in well-
manured market-garden soils is extremely small,
and it has been estimated that if a large house
were provided with copper and zinc plates located
at either end and these were connected with wires,
a current could be generated sufficient to run a
small incandescent lamp.

General observations.

The extensive use of electricity in a commercial
way has introduced factors which have a bearing
on vegetation. The numerous high tension wires
used for street lighting purposes frequently come
into contact with beautiful shade trees and cause
much injury. Such injury, however, is mainly of a

—— e b s — b e —
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local nature,—that is, trees are injured or burned

only at the point of contact of the wires with a

tree, and it can be positively stated that there

are no authentic cases of alternating current wires

killing large trees. The circumstances, however,
might be different in
the case of direct cur-
rent lighting wires,
providing sufficient
grounding  occurred;
nevertheless, 8o-called
direct current trolley
wires have been known
to kill large trees
where certain condi-
tions prevail. (Fig. 50.)
There is also some evi-
dence in support of the
prevailing opinion that
a certain leakage or
grounding from a trol-
ley system through a
tree may cause its death
in time without any
material burning tak-
ing place. In such
cases the tissues are
over -stimulated, as it
were, resulting in the

- possible disintegration
of the protoplasm of
the cells.

There is much evi-
dence in support of
the idea that electric-

ity plays an important rdle in nature. The air
and earth are constantly charged with it, and
vegetation, being in contact with both, is un-
doubtedly affected. Grandeau and others main-
tain that when plants are surrounded with wire
netting they develop less in a given space of time
than plants grown under similar conditions as
regards light and other factors in a free atmos-
phere. The interpretation of this phenomenon is
that wire screens modify the atmospheric potential
to the detriment of the plant. Grandeau secured
similar results by growing plants under chestnut
trees, and he concluded that trees modify to a
large extent the atmoSphoric potential in their
immediate neighborhood. Electrical experiments
made for three years at the Massachusetts Agri-
cultural College Experiment Station show that the
electrical potential at corresponding heights in the
free atmosphere and in an elm tree are identical
during the season when no foliage is present.
When, however, the foliage develops, the potential
drops materially in the air surrounding the tree
and remains in this condition until the leaves fall,
at which time the potential becomes identical
again. This is apparently a case of the foliage of
a tree absorbing atmospheric electricity or screen-
ing it in the some way as does a glass structure. It
may be interesting to note in this connection that
there is no atmospheric electricity in greenhouses,
but the effect of its absence on plants is not easily

Fig. 50. Elm tree killed by a
direct current from an elec-
tric railroad system.

discernible, since there are too many other factors
in greenhouses which modify the configuration of
plants. The electrical potential records secured
by the writer and his assistants under conifers,
such as the Norway spruce, proved the potential to
be similar most of the time to that of the earth
and not of the air, as secured under deciduous trees,
like the elm. Lemstrom was of the opinion that the
numerous small pointed leaves common to conifers
serve as points of discharge or accumulators of
electricity. This theory has some foundation, since
the apices of leaves of trees have been known to
discharge electricity, and the electric potential of
the air and earth may be more or less equalized by
vegetation.

The phenomena underlying electrical stimulation
are still imperfectly understood. There are many
theories, however, in regard to its action. Nollet
and Jallabert thought that the accelerated growth
resulting from electrical stimulation was induced
by the augmentation in the movements of the sap,
and this view has been more recently held by
Lemstrom. Fichtner, Schne and Tschinkel main-
tain that electricity renders soluble certain con-
stituents of the soil, as a result of which germina-
tion and growth are accelerated. On the other
hand, Jodro attaches double significance to the
action of soil currents, viz.,, a chemical and a
mechanical action. Chemically it renders those
constituents necessary for plant growth more
soluble ; mechanically it sets the particles of soil
into a state of vibration which results in an in-
creased rate of
growth. It may be
noted that both
the chemical and
mechanical theo-
ries fail to explain
the results of stim-
ulation of seeds not
sown in soil.

It is well known
that feeble currents
accelerate -the
movements of pro-
toplasm, and the
augmentative cir-
culation theory has
more to commend
it than any of the
others.  Notwith-
standing the con-
siderable amount of
accelerated growth
manifesting itself
as a result of elec-
trical stimulation,
the time is not yet -
opportune to apply

} Pig. 51. To show the effiact of earth
this force very

discharge (lightning) through the
largely to the tree, causing splitting of the tiunk
growth of crops, and lmbs.

since the application of current electricity to crops
has not been sufficiently tested on a large scale;
neither has it been demonstrated that electrical
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stimulation would always prove advantageous to
plants. There appears to be a tendency for electri-
cally stimulated plants to develop a more spind-
ling growth than those grown
under ordinary conditions.

Conclusions concerning the effect
of current electricity on
plants.

In conclusion, it may be
stated that the application of
electrical stimulation to crops
is not as yet practicable, al-
though undoubtedly in the future
electricity will be more exten-
sively employed in agriculture,
and 1t is hoped that agricultur-
ists will be able to make use of
the enormous amount of electri-
cal energy constantly stored in
the atmosphere. From the work
that has been done, the follow-
ing very general conclusions
may be drawn :

(1) Electricity exerts an ap-
preciable influence on plants.

(2) Electrical stimulation
gives rise to an accelerated ger-
mination and growth of plants,
the foliage in some instances
(radishes) being stimulated more
than the roots.

(3) The strength of current
inducing acceleration is confined
to a narrow range.

(4) There is a minimum, opti-
mum and maximum stimulus. The minimum cur-
rent is equal to about .005 milliamperes, the opti-
mum to about .22, and the maximum is determined
entirely by conditions.

feoblo stroke of
ligh! . {Com-
varewith Fig.51.)
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CHAPTER 11
INSECTS AND DISEASES

agriculture.

NSECTS AND PLANT DISEASES are the plagues of the husbandman. Their incursions have
been deplored from the earliest times, although plant diseases have not long been recognized
except under the indefinite terms of blights and rusts and cankers and mildews. These pests
and ailments have entailed endless human labor and have sacrificed numberless animals
and crope; yet the net result has been the enforcing of a more vigorous and constructive

The ailments of plants are constantly becoming more numerous and the knowledge con-
nected with them more complex, owing to dissemination of the parasites into new regions,
the increase of food supply due to new and more extended cultures, to changes in habits of
parasites and hosts consequent on the disturbance of the normal equilibrium in nature. At the

same time, however, the means of contending with these difficulties are increasing with phe-
nomena! rapidity. Numbers of persons are now employed at public expense in the study of insects
and diseases and in devising means of combating them. This is the guarantee of the future. In fact,
our present-day agriculture would be impossible were it not for the entomologists and plant-patholo-
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gists. These persons have become as much a part of our modern needs as, in a related realm, have the

physicians and sanitarians.

For the most part, the work of insects is at once recognizable ; but plant diseases are obscure as to

cause, and it is only within the past fifty

years that very careful study has been
made of them. The special study of para-
sitic fungi, which cause many of the dis-
eases of plants, is cemmonly dated from the
work of M. J. Berkeley (1803-1889) in Eng-
land about the middle of the century just
passed. It is also astonishing that the life-
histories of most of the common insects were
not understood a century ago; and there
are numerous insects all about us whose
life-cycles have never been worked out. A
good part of our current, economic ento-
mological study is devoted to discovering
the main phases of the insects rather than
to the adding of new facts and incidents.
The subject of the intimate relationship of
insects to each other, to weather, to food

]

supplies, and to other factors
of their environment, where-
by their relative prevalence
is largely determined, is yet
practically an unexplored
field ; yet it is in this eco-
logical domain, rather than
in merely destroying in-
sects by what may be called
mechanical means, that the
greatest permanent pro-
gress in contention with in-
sects is to be looked for.

The gradual growth of
the idea that one plant may
be parasitic on another and
cause what may be called a
disease, would be a subject
of great attractiveness to one who is interested in human history. The idea is so recent
that it should not be difficult to trace. A recent development of it is the discovery
that there are germ diseases of plants as well as of animals, a history that is recorded
by its literature in E. F. Smith’s “Bacteria in Relation to Plant Diseases” (Carnegie
Institution, 1905). Other classes of diseases are yet known only by their external
manifestations. Of these, peach-yellows and other peach diseases are examples.
What causes the mal-nutrition and what carries the disease are undetermined. No
doubt many ailments of plants are physiological and organic,—using these words in
their human-medicine sense—rather than due to germs or filamentous fungi. Plants
have scarcely begun to be studied in respect to their intimate pathological processes
and their response to sanitary or unsanitary environment. Very likely we await a new
era in plant cultivation.

The plant diseases that are likely to be most clearly recognized by the general
observer are those occasioned by the filamentous fungi. These low spore-bearing
plants are related to the molds that appear on bread and decaying substances. It is
impossible for one who has not studied these forms patiently under a microscope really
to understand what they are. The ragged and spidery pictures of them that appear in

enting up a stalk of corn.

Pig. 54.

of a sucking In-
sect. San José
acales(enlarged)
attached to a
twig and ex-
tracting the
Juices from it.
Plant-lice are
sucking insects;
also the stink-
bugs and their
kin.
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the public prints convey little intelligence to the general reader. Perhaps Figs. 56, 57 and 58 will help
to s vague understanding of what these parasitic fungi are, and how they work. These fungi are species
of plants, without flowers o
ally associate with plant fon
mineral food from the soil |
live on organic compounds,-
organized by other plants or
root-like threads, or myceliut
and they propagate their
kind by means of special-
ized cells known as spores.
The injury they do to their
host is of two kinds,—they
appropriate food, and they
impair the tissues by punc-
turing them or breaking
them down and by plugging
the vessels or natural open-
ings.
We are just now in the
epoch of the control of inse
of applications of substance
but in time we shall give gre
zation of the business of pla
difficulties. We seem to have
doctoring,—a suggestion, N0 ___ _, c.cee caw paviinies mennn
cine-habit in man—whereby we hope to kill the insect or cure the disease by putting some substance
into the “circulation” of the plant; but the day of quacks has not gone by. It would seem to be
needless to say to any person that he would better get expert professional advice, when he is in diffi-
culty with insects or plant diseases, were it not for the fact that it is necessary to say it. Howbeit, the
person to whom this needs to be said will not read this book, so that we may at once pass on to profit-
able matters.

Formulas.

The chemical materials used for destroying insects and plant diseases are very many, and they can-
not be discussed in full here. The cultivator must keep himself posted by consulting the most recent pub-
lications of experiment stations and the United States Department of Agriculture. The materials used
for seed diseases are mentioned on page 49; those employed in fumigating for insects, on page 45;
soil diseases are also treated in Chapter XIII, Volume I. The main insects and diseases of the various
crops are mentioned with the discussion of those crops in Part III. (See also pages 44, 45.)

Spraying materials are either insecticides (to kill insects), or fungicides (to kill fungi). The insecti-
cides are, again, of two kinds,—poisons for chewing insects, and corroding astringent or oily compounds
for sacking insects. Some of the leading materials are now mentioned:

lump sulfur and cook the mixture. Provide yourself with

Insecticides that kill by external contact.

Lime-Sulfur Wash (for dormant trees and bushes).—
Lime, 15 pounds; sulfur, 15 to 20 pounds; (salt, 15
pounds, was formerly added, but does not appear to be
neceasary); water sufficient to bring the boiled product
up to 50 gallons.

The lime and sulfur must be boiled or steamed. The
mixtare may be made by boiling in iron kettles. Heat the
water before adding the lime and sulfur All the sulfur
should be thoroughly reduced. Pour into the sprayer
through a strainer and apply to the trees while warm.

8teaming is liked best by those who have tested
both. The following method is recommended by Geo. E.
Fisher, former San José Scale inspector for the Province
of Ontario, Canada: “Steam is employed to dissolve the

eight barrels. Put one-quarter the full amount of sulfur
and fresh stone lime in four barrels, with a proportionate
amount of water. Turn the steam under a pressure of 80
to 100 pounds (15 to 20 pounds pressure works well)
into these four barrels. When the water has boiled for a
few minutes in these barrels, turn off the steam. It may
then be turned on to four more barrels which have been
prepared in the same manner as the first set. The full
amount of lime and sulfur is then added to the first set
of barrels slowly enough to prevent boiling over by the
heat generated by the slaking lime. When the lime is all
slaked, turn on the steam again for two or three hours or
till the mixture is thoroughly cooked. It is quite possible
to feed each barrel during the boiling process with a
small stream of water, which will gradually fill the barrel
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without preventing the boiling. The mixture becomes
quite thin during the boiling process, and when finished is
of a deep orange color.”

This is one of the popular and reliable remedies for
8an José scale.

= N\ =

Pig. 56. Spore-bearing stalks of a wilt fungus (Acrostalagmus
albus). In this fungus the spores are borne in heads; some
of the heads are ruptured at the right. (After Van Hook.)

Kerosene Emulsion.—Hard, soft or whale-oil soap, &
pound ; boiling soft water, 1 gallon ; kerosene, 2 gallons.
Dissolve the soap in the water, add the kerosene and
churn with a pump for 6 to 10 minutes. Dilute 4 to 10
times before applying. Use strong emulsion for all scale
insects. For such insects as plant-lice, mealy-bugs, red
spider, thrips, weaker preparations will prove effective.
abbage-worms, currant-worms, and all insects which
have soft bodies, can also be successfully treated. It is
advisable to make the emulsion shortly before it is used.
For San José scale, use 1 pound of whale-oil soap and
dilute in proportion of one part to six of water. Especially
effective in summer to kill the young and tender lice.

Miscible or “Soluble™ Oils.—Recently various oils
that emulsify readily when poured into water have
been put on the market. Some persons have found
them to be of great value and others report poor or
indifferent results. Emulsified with twelve to fif-
teen times their quantity of water, they are applied
to dormant trees for scale.

Distillate Spray.—In order to overcome some of
the difficulties in the making and use of kerosene
emulsion, California citrous growers are now using
a mechanical mixture of a special distillate of
petroieum and water. The mixture is prepared by
a sort of churn propelled by a gasoline engine, and
the same engine applies the spray. For scale
insects and mites on citrous fruits.

Tobacco Water.—Prepared by placing tobacco
leaves and stems in a water-tight vessel, and then
covering them with hot water. Allow to stand sev-
eral hours, dilute the liquor 3 to 5 times, and apply.
For soft-bodied insects.

Whale-oil Soap.—On dormant trees for San José
scale, dilute 2 pounds to 1 gallon water ; for sum-
mer use on scale or aphis, 1 pound to 5 to 7 gallons.
Dissolve in hot water if wanted quickly.

Insecticides designed for the insect to eat.

Paris Green.—Paris green, 1 pound; water, 75
to 250 gallons.
If this mixture is to be used on fruit trees, 1 pound

of quicklime should be added. Repeated applications will
injure most foliage, unless the lime is used. Paris green
and Bordeaux mixture can be applied together with perfect
safety. The action of neither is weakened, and the Paris
green loses its caustic properties. Use at the rate of 4 to
12 ounces of the arsenite to 50 gallons of the mixture.
It is sometimes used as strong as 1 pound to 50 gallons,
but this is usually unsafe and generally unnecessary. This
is the old and best known insecticide, used for potato-
beetle, codling-moth, canker-worm, tent-caterpillar and
very many other insects.

Arsenate of Lead.—See page 44.

White Arsenic.—White arsenic, being cheaper and of
more constant strength than Paris greenm, is becoming
increasingly popular as an insecticide. It may be safely
used with Bordeaux mixture, or separately if directions
as to its preparation are carefully followed; if, how-
ever, these are neglected, injury to foliage will result.
It is unwise to use white arsenic without soda or lime.
Methods numbers one and two are recommended as the
least likely to cause injury.

(1) Arsenite of Soda for Bordeaux Mixture.—To a
solution of 4 pounds salsoda crystals in 1 gallon of water,
add 1 pound of white arsenic and boil until dissolved.
Add water to replace any boiled away, so that 1 gallon
of stock solution of arsenite of soda is the result. Use
1 pint of this stock solution to 50 gallons of Bordeaunx.

(2) Arsenite of Lime.—(a) If used alone (not in con-
nection with Bordeaux) white arsenic should be prepared
thus:—To a solution of 1 pound of salsoda crystals in a
gallon of water, add 1 pound of white arsenic and boil
until dissolved. Then add 2 pounds of fresh slaked lime
and boil 20 minutes. Add water to make 2 gallons of
stock solution. Use 1 quart of this stock solution to 50
gallons of water.

<

©
eaf Tissue.

Fig. 57. How a fungus works in a leaf. Diagrammatic cross-sec"
diculatus)

tion in a bean leaf affected by rust ( Uromy pp .

The cells of the leaf-tissue contain the chlorophyll grains. The

mycelium of the fungus is seen ramifying in the tissue. The

spores are formed on the ends of mycelial threads, and as they

%wtthle )epidormls of the leaf is pushed up and broken. (After
etzel.
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(5 Boil 1 pounc of water
for one-half hour a to slake
2 pounds of good, to make
2 gallons of stock 8 of this
to 50 gallons of we

(¢) Slake 2 pot and add
water to make 2 g: pound of

white arsenic
and boil hard

There are many proportions in which the ingredients
are combined to make Bordeaux mixture. The 6-4-50 for-
mula is not now often used, as the amount of copper
sulfate (or blue-stone) is greater than need be. The 3-4-50
formula is now much 5

Make stock solutions by dissolving 1 1b. sulfate to 1 gal.
water in a barrel ; and by dry-slaking the lime and then

for forty min-
utes. Add
water to bring
the resulting
compound up to
2 gallons. Use

ple. — This is
used in the
same propor-
tion as Paris
green, but as it
i8 more caustic
it should be ap-
plied with two
or three times
its weight of
lime, or with
the Bordeaux
mixture. The
composition of
London purple
i8 variable, and
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unless good
reasons exist
f or supposing
that it contains
as much arse-
nic as Paris
green, use the
latter poison.
Do not use London purple on peach or plum trees unless
considerable lime i8 added. Once much used.

Hellebore. — Fresh white hellebore, 1 ounce; water,
3 gallons.

Apply when thoroughly mixed. This poison is not so
energetic as the arsenites, and may be used a short time
before the sprayed parts mature. For insects which
chew. Much used for currant-worms.

Fungicides.

The Bordeaux mixture, with variations in the propor-
tion of water to suit the particular kind of plant and
grade of development of the crop and of the disease, has
become practically the universally used medium for
spraying purposes. The standard formula is as follows :
Copper sulfate, 3 to 6 pounds; quicklime, 4 pounds;
water to make 50 gallons.

This solution is often used successfully at half strength
on delicate foliage. The solution of copper sulfate is some-
times used without the lime on diseases of woody parts,
such as apple canker and anthracnose of raspberry canes.
In case of such use, the spraying must be done at a time
before the foliation begins.

The Bordeaux mixture may be combined with Paris
green and other arsenites, as explained under those heads
on the preceding page, and thus destroy both insects and
fungous diseases at the same time that the caustic or
infurious effect of the arsenic is lessened.

adding water till one gallon holds 1 Ib. lime. Dilute these
stock solutions before they are put together.

There must be lime enough to kill the caustic action of
the copper sulfate. This may be tested by dropping a
solution of ferrocysnide of potassium on the surface of
the Bordeaux mixture: if the drops turn brown or red,
more lime should be added.

Ammoniacal Carbonate of Copper.—Copper carbonate,
6 ounces; ammonia (26° Beaumé), 3 pints; water, 45
gallons.

Make a paste of the copper carbonate with a little
water. Dilute the ammonia with 7 or 8 volumes of
water. Add the paste to the diluted ammonia and
stir until dissolved. Add enough water to make 45 gal-
lons. Allow it to settle and use only the clear blue liquid.
This mixture loses strength on standing. For fungous
diseases.

Copper Sulfate Solution.—Copper sulfate, 1 pound;
water, 15 to 25 gallons.

Dissolve the copper sulfate in the water. This should
never be applied to foliage, but must be used before the
buds break. For peaches and nectarines, use 25 gallons
of water. For fungous diseases, but now largely supplanted
by the Bordeaux mixture. A much weaker solution is
recommended for trees in leaf.

Potassium Sulfid Solution.—Potassium sulfid (liver of
sulfur), § to 1 ounce ; water, 1 gallon.

This preparation loses its strength on standing, and
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should therefore be made immediately before using.
Particularly valuable for surface mildews.

Maxwell Dust-Spray.— Fresh lime, 1 barrel ; copper
sulfate, 25 pounds ; concentrated lye, 5 pounds ; powdered
sulfur, 25 pounds ; Paris green, 6 pounds.

Spread lime in a large, shallow box, breaking into as
small lumps as possible. Dissolve the copper sulfate in
six gallons boiling water; also dissolve the lye in five
gallons hot water. Keep separate. Sprinkle copper sulfate
solution over the lime. Follow with lye water. If the
lime does not all crumble to a dust, use clear water to
finish. Screen the lime through a fine sieve, rub the sulfur
through the sieve into the lime, add the Paris green and
thoroughly mix both with lime. Lime should crumble to
powder, not granules. -

Copper sulfate water must be used hot, or the copper
will recrystallize. Mixing should be done out-of-doors or
in a separate building, as lime in slaking becomes very
hot.

Missouri Experiment Station dust-spray. (To make 70
pounds of stock powder):—Copper sulfate, 4 pounds;
quicklime, 4 pounds; water in which to dissolve copper
sulfate, 24 gallons; water in which to slake quicklime,
2} gallons ; air-slaked lime thoroughly sifted, 60 pounds.

Dissolve the copper sulfate and slake quicklime
separately, each in 23 gallons water. Pour at same time
milk of lime and copper solution into a third vessel and
stir thoroughly. Surplus water is then strained out and
remaining wet material is thoroughly mixed with the 60
pounds of air-slaked lime. All lumps must be sifted out
and the mixture must be perfectly dry. One pound each
of sulfur and Paris green may be added.

The dust-sprays are useful where water is scarce or
land is too rough or steep for the regular spraying
machines. .

MEANS OF CONTROLLING INSECTS
By M. V. Slingerland

Careful estimates indicate that the value of
farm products now destroyed each year by insects
in the United States aggregates the vast sum of
$700,000,000, or more than the entire expenditures
of the national government. Thus, one of the most
serious problems that confront the American agri-
culturist is that of controlling the insect enemies
of his crops. He is now menaced by nearly twice
as many different kinds of insect pests as in 1850,
and three or four times as many as a century ago.
And the outlook is far from encouraging, for all
the old pests will doubtless continue their ravages
indefinitely, with “up” and “down” periods at un-
certain intervals. Furthermore, the American
agriculturist will have the best plants and animals
the world produces, no matter whether he does
thereby introduce other such destructive pests as
the San José scale from China. There are still
many insect pests in Europe, Asia, Australia, Africa
and Mexico that are liable to be introduced at any
time, and they may be much more destructive
here than in their native home, where their enemies
and surrounding conditions largely hold them in
check. Thus, the unbroken ranks of the insect pests
of a century ago will be constantly augmented by
new kinds that are either disturbed by man in their
wild haunts here (as the Colorado potato-beetle),
or that come in naturally from adjoining countries
(as the cotton boll-weevil from Mexico), or that are

brought in by commerce from foreign lands (as the
cattle horn-fly and over half of the other standard
insect .

But the outlook is not really so gloomy, for
the American agriculturists are well equipped
with insecticidal batteries, and they are waging a
most scientific and successful fight against in-
sect enemies. Many millions of dollars are being
spent annually in America by national and state
governments and by individuals in fighting insects
and in devising and testing new remedial meas-
ures; it is estimated that over $8,000,000 is
expended each year in spraying apple trees for the
codling-moth alone.

Natural checks.

In this warfare that man must wage against his
insect foes, he should not forget that mature has
provided active and often very effective insect-
destroyers without which man could not grow
crops, or even exist himself. Were it not for the
many little enemies of plant-lice, these insignificant
creatures with their wonderful powers of multipli-
cation would soon overrun the earth, and destroy
all vegetation, thus robbing man of his primary
food supply. Among the forces of nature which
thus aid man in his insect warfare may be men-
tioned strong winds, sudden changes of tempera-
ture in winter, rains, and forest and prairie fires.
Then among the plants and animals there are some
very efficient insect-destroyers. Bacteria and fungi
often kill a large proportion of army-worms or
chinch-bugs that are devastating crops. Many of
the birds feed largely on insects and should be
encouraged to stay on every farm, for they are
among the most effective of nature’s insect-des-
troyers.

But it is among their own kind, the insects, that
insect pests find their most destructive foes. Vast
numbers of insects, some 80 tiny that several of them
can live inside an insect egg (codling-moth egg)
not larger than a pin’s head, are constantly prey-
ing on the insect enemies of man's crops. And
these parasitic and predaceous insects are often
very effective in aiding man in his strenuous war-
fare to protect his crops from insect pests. A little
lady-bird beetle saved the citrous industry of Cali-
fornia from destruction by a scale insect, and it
would be impossible to grow wheat successfully in
many sections of the United States were it not for
the tiny insect parasites of the hessian fly.

Man is coming to realize more and more the
value of these natural aids in his warfare against
insect pests. In Hawaii and California, thousands
of dollars are expended annually in searching for
and importing from foreign lands beneficial insects
to prey on insect pests, and some striking successes
have been attained. Europe is now being searched
for the natural enemies of the gypsy and brown-
tail moths to aid in checking and finally controlling
these serious pests.

Administrative control.

While these insecticides of nature are often very
effective and finally accomplish their purpose, man
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can not wait but must usually resort to artificial
insecticides to save his crops. For centuries man
has been fighting insect enemies. The Greeks
mixed hellebore with milk to kill flies, and the

PFig. 59. A hopper-dozer at work in kafir com. (Kansas Experiment

Station Bulletin.)

Romans required the inhabitants of infested regions
to kill certain amounts of grasshoppers. In the
middle ages the methods used for the destruction
of insects were largely of a spiritual nature;
priests marched around infested fields praying ;
anathemas were pronounced over grasshoppers;
or the accused insects were summoned to appear
in court and judgment was rendered in the form of
an excommunication. Scarcely thirty years ago,
two governors of states in America issued procla-
mations appointing days of fasting and prayer to
stop the ravages of Rocky mountain locusts. It is
only within the past quarter of a century that
most of the modern scientific methods of control-
ling insect pests have been devised. Previously,
American farmers resorted to hand-work or to
simple mechanical devices, such as bands for
canker-worms and codling-moth. The word “in-
secticide” was unknown half a century ago, and,
according to the dictionaries when man kills an
insect he is an insecticide, he may use an insecti-
cide, and he also commits an insecticide. Usually,
however, the word is restricted to some material
or spray used by man to kill insects.

We may classify the methods used against insect
pests as: international, national, state, local or
neighborhood and individual. The first three of
these mostly comprise laws or commercial regula-
lations, by the enforcement of which attempts are
made to prevent the spread of insect pests from
one country or state to another, and also to provide
for the introduction of beneficial insects. Neigh-
borhood and individual efforts usually aim at the
immediate death of the insects either through the
enforcement of municipal regulations, by the offer-
ing of prizes, by practicing better farm methods,
.or by the use of insecticidal batteries.

Laws or regulations are often necessary in
insect warfare, but they must be supported by
public opinion to be effective. Far-reaching and
valuable results have been attained by interna-

tional efforts in controlling insect pests by quar-
antine regulations and by the introduction of bene-
ficial insects. Nations can scarcely overdo this
kind of control work against injurious insects.
Compulsory state legislation to
control insect pests will often lack
the necessary support of public
opinion and hence be difficult to
administer; attempts to annihilate
the San José scale in Canada by
the axe and fire were soon stopped
by adverse public opinion. The
state inspection laws to prevent
the spread of insects by nursery-
men have accomplished much good.
Local authorities can do much to
check the ravages of insects over
limited areas by offering prizes or
insisting that owners of infested
premises shall use certain destruc-
tive measures or pay for having
the authorities do it. A few neigh-
bors can do much to mitigate the
ravages of the hessian fly by com-
bined action in using early trap strips of wheat
and sowing as late as practicable.

Aund yet, after all has been said and done by
international, national, state or local authorities
to stay temporarily the inevitable spread of the
world’s injurious insect fauna, each individual who
raises crops will often find himself face to face
with the problem of fighting successfully some
insect pest or the loss of his crop. Legislation
and inspection or fumigation certificates are then
of no avail. Usually his parasitic and predaceous
insect friends are also too slow. A nation may profit-
ably spend much money to introduce new insect
friends; doubtless an extensive national quarantine
would keep out some injurious insects for a time,

Fig. 60. A practicable and effective sticky shield for captur-
ing adult grape leaf-hoppers in the spring.

and the state and local authorities can do much to
check the spread of a pest; but in the end the
brunt of the fight will fall on the individual whose
crops are attacked.
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The means which the individual may use in
endeavoring to control his insect enemies are
many and varied. They may be classed as me-
chanical methods, farm practices and the applica-

tion of mate-
rials commonly
called insecti-
cides.

Mechanical
methods.

It is often
practicable to
hand - pick or
dig out insect
pests. This is
largely prac-
ticed in coun-
tries where
cheap labor is
available. No
cheaper and ef-
fective method
has yet been
found for com-
bating borers
and many pests
(as cutworms
and white grubs) working in gardens and on other
small areas. Children have done very effective work
in collecting eggs of tent-caterpillars and tussock-
moths on shade trees. A box-like covering of wire-
screen or mosquito-netting is often placed over
hills of squashes, melons and cucumbers to protect
them from the ravages of the striped beetle and
stink-bug. Seed-beds of cabbages, radish beds and
various choice or rare plants can be thus protected
from insects at slight expense. Bushels of young
grasshoppers and swarms of small leaf-hoppers are
often collected on the western prairies by drawing
large iron pans smeared with tar or containing ker-
osene, and called “ hopper-dozers.” (Fig.59.) Thous-
ands of grape leaf-hoppers can be collected on
sticky shields held near while the vines are jarred.

Fig. 61. Canker-worm moths stopped by
sticky band in their progress up a tree.

Pig. 62. Ridge formed by implement for protection

(Fig. 60.) Sticky bands have long been used effec-
tively to prevent the wingless female moths of
canker-worms ascending trees to lay their eggs.
(Fig. 61.) For a quarter of a century before
the advent of spraying, the principal means em-
ployed to reduce the numbers of the codling-moth
were various kinds of .cloth or hay-rope bands
around the trunks of the trees to form more attrac-
tive places for the caterpillars to transform. Large
numbers of the caterpillars gather under these
bands, where they are easily killed. This effective
banding method can now be used with profit to
supplement the poison spray when a second brood
of the insect occurs. Farmers often use the barrier
method to prevent chinch-bugs, cutworms or army-
worms from
marching into
other fields.
Two furrows
plowed to-
gether and a
narrow strip
of coal -tar
poured along
the ridge thus
formed, effec-
tively stop
chinch - bugs.
(Fig. 62.) To
stop army-
worms a deep
furrow is
plowed with

th ic-
ulsrpe;i%?d:; Fig. 63. An early type of beetie-catcher
ward the field for vineyards, but now little used.

to be protected, and post-holes are then dug in the
furrow at intervals of a rod or less. The caterpil-
lars can not readily scale the furrow and so wan-
der along it, finally dropping into the holes, where
they can be killed with kerosene or crushed;
bushels of the worms are often killed by this bar-
rier method. Some insects may be jarred on
sheets or into catchers. (Figs. 63, 64.)

Farm practices.

The American farmer who grows field
crops mostly, must depend largely on im-
proved or different methods in growing his
crops, or on what may be called farm prac-
tices, to prevent and control the ravages of
insect pests. Often the horticulturist or
gardener can also use these methods to good
advantage.

Thorough and frequent cultivation, especi-
ally in early antumn, discourages and finally
effectively controls wireworms and white
grubs more than anything yet devised. One
rarely sees a well-cultivated orchard seriously
infested with canker-worms, as many of the
pupe in the soil are thus destroyed. A fre-

Marcy against i i f th
chinch-bugs. Post-holes are dug beside the ridge about fifty feet quent rotation of the crops 18 one 0 the
apart. This barrier is smooth and compact, and very little affected
by the rain. The line of coal-tar along the top has been successful
in all w)enther conditions. (Kansas Experiment Station Report,
1806-97.

most effective methods of controlling insects
which attack field crops, as corn, clover,
wheat, potatoes and similar crops. The in-
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pocts are starved out by finding their favorite
food-plant replaced by some crop they do not like.
Many field crops may suffer for a season or two

Fig. 64. Jarring peach tree for curculio.

from wireworms or white grubs if planted in fields,
as pastures or old meadows, that have been in
sod for several years and are the favorite breed-
ing grounds of these pests. But thorough cultiva-
tion of such crops will soon discourage the insects.

Clean culture, or the destroying of weeds and
clearing away of rubbish, will often help in the
warfare against insect pests. Many insects find
favorable hibernating quarters in rubbish, old stone
walls, near-by clumps of bushes or forest lands.
One fruit-grower has largely eliminated the plum
curculio from his peach orchard by planting it
away from such favorable hibernating quarters.
The removal or burial of old cabbage stumps, old
squash or cucumber vines, and other garden refuse,
80 as to leave the ground clean in the fall, will
help much in controlling garden insects, like the
cabbage, radish- and onion-maggots, cutworms, and
other serious pests. Sometimes an attractive plant
is used early in the season as a decoy, to be de-
stroyed when it has served its purpose and become
well infested with the pest. Then the main crop to
be protected is planted later and often escapes
serious infestation. A strip of mustard or early
cabbages may be sown early in spring to attract
the hibernated harlequin-bugs, which can then be
killed with kerosene before the main crop of cab-
bage is put out. A strip of wheat sown in August
will often attract a large proportion of the autumn
brood of the hessian fly. This infested strip can
then be plowed under in September, or just before
the whole field is prepared
for the main crop, which
should be delayed in
planting as long as local
conditions will permit.
This “farm practice”
method of an early decoy
strip and late planting
will usually circumvent
this serious wheat, barley
and rye pest. Gardeners
who grow cucurbitaceous
vines sometimes plant a
strip of early squashes
along one side of the field

Tig. 65. A beetle, one of the
chewing insects. Cucum-
bear heetle (Epitrir eu-
enmens). Adult beetle
much enlarged.

and delay putting out the main crop, so as to at-
tract many of the striped beetles, stink-bugs and
borers to the decoy strip.

Extensive investigations have demonstrated that
the cotton boll-weevil can be controlled only by
cultural methods. Profitable crops of cotton can
be grown in spite of the weevil by planting early-
maturing varieties farther apart and earlier, by
thorough cultivation, by plowing up and destroying
all the old stalks in early autumn, and by a more
liberal use of fertilizers—all these are “ farm prac-
tices.” Byburning fruit-tree prunings before spring,
the hibernating stage of several fruit pests, as
plant-lice eggs and bud-moth larve, may be de-
stroyed. The application of a little quick-acting
commercial fertilizer will sometimes stimulate a
plant to overcome or outgrow the onslaught of its
insect enemies; but when used in practicable or
fertilizing quantities, these fertilizers will not kill
the insects.

It is an alluring thought that we may be able
to develop insect-resisting varieties of many kinds
of agricultural plants. The resistance of certain
American native grape roots to the phylloxera
plant-louse is proving to be the salvation of the
grape industry in Europe. Promising efforts are
now being made to develop a boll-weevil-resisting
variety of cotton. Sometimes certain varieties of
wheat seem to be resistant to the hessian fly.

Much can be done around farmhouses to reduce
the numbers of house-flies and mosquitos. Put the
horse manure in tight sheds so that flies can not
breed, or spread it on the fields every two or three
days in summer. Drain off or fill in low places
where water stands continually or
after showers, as such places breed
“wigglers” or mosquito larva.

Fig. 66. Two examples of sucking insects, belonging to the

group known to entomologists as the true bugs.

If the rain-barrel is also screened with wire netting,
it will not become the breeding-place of thousands
of mosquitos. House-flies may bring to human food
the germs of typhoid fever on their feet or mouth-
parts, and the only way one can get malaria is
through the agency of certain kinds of mosquitos
(Anopheles) that may have sucked the diseased blood
from some malarial patient, which they then inject
into the body of another when they “bite.” (Vol.
I, p. 297.)

Spraying and other insecticidal methods.

For a half century before 1875, the materials
used by American farmers to kill insects consisted
largely of whale-oil soap, hellebore, lime, tobacco,
sulfur and salt. These materials were dusted or
sprinkled or syringed on the plants. With the ap-
gg:rance and rapid march of the Colorado potato-

tle across the country from 1860 to 1870, there
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came into use Paris green poison, which was des-
tined to revolutionize insecticidal methods. In
1872, it was suggested that a Paris green spray be
applied on cotton plants for the cotton worm and
on apple trees to kill canker-worms. Six years
later it was found that the poison spray effectively
checked the codling-moth, and this gave a new
impetus to the warfare against insects, which has
finally resulted in the modern formidable array of
insecticide materials and elaborate machinery for
their application.

The materials used as insecticides may be divided
into three groups, based largely on the two differ-
ent ways in which insects eat. Some insects, as
caterpillars, potato-beetles, and many others, have
their mouth-parts provided with strong jaws which
enable them to bite off and swallow solid particles
of their food-plants. (Figs. 53, 65.) Many other
insects, of which the plant-lice, stink-bugs, scale-
insects and mosquitos are familiar examples, have
their mouth-parts drawn out into fine threads which
are forced into the plant-tissues along a stiff, sup-
porting beak ; such sucking insects are unable to
eat solid particles and hence cannot be fed a poison
sprayed on the surface, for they can suck only liquid
food from the inner tissues of the plant-host. (Figs.
54, 66.) To kill biting or chewing insects, it is
necessary only to apply a poison on the surface of
the plant where they are going to feed. But each
individual sucking insect and not a certain part of
the plant must be hit with some material that will
soak into its body and kill, or that may smother by
covering the breathing holes along the sides of the
body. The third method is fumigation.

Biting insects.—The insecticides used for killing
biting insects consist mostly of poisons which
have for their basis white arsenic. This substance
can not be used alone, as it dissolves slowly, and
this causes it to burn foliage severely. But it can
be combined with salsoda and lime to form a cheap
and effective poison spray. Boil 1 pound of arsenic
and 2 pounds of salsoda in 4 quarts of water until
dissolved ; then slake 2 pounds of stone lime with
this solution, and add 2 gallons of water. Use about
13 quarts of this stock mixture in 40 gallons of

Fig. 67. Two-hoise spray machine for grapes.

water or Bordeaux mixture, for general orchard
spraying ; for potato-beetles, double the dose of
poison.

More than 2,000 tons of Paris green are now
used annually in America against insect pests.

It is the standard poison spray, and is used at the
rate of 1 pound in 100 gallons on orchards, except
plum and peach, where only about half this
amount is safe; on potatoes it is used at least
twice as strong.

The arsenite of copper or green arsenite is simi-
lar to Paris green.

The arsenate of lead, which was first used against
the gypsy-moth in 1892, is coming into general use.
It adheres better to the foliage and can be used
very strong with safety, thus making it especially
useful against certain insects like the elm leaf-beetle,
codling-moth, plum curculio, rose-chafer, and grape
root-worm. It is sold in a paste form, one pound
of which contains only about half as much arsenic
as Paris green, thus necessitating using twice as
much of the arsenate of lead, or 2 to 4 pounds per
100 gallons for apple orchards and 4 pounds per
50 gallons in vineyards for grape root-worms.

Hellebore is still much used for currant-worms,
but has been largely replaced by the Paris green
spray.

Sucking insects.—The insecticides used for kill-
ing sucking insects are largely Eowdera, oils or
soaps, which kill by contact or when they hit the
body of the insect.

Pyrethrum powder is often used for house-flies,
but it is too expensive for general use in spraying.

Tobacco in various forms is largely used for
fighting plant-lice in greenhouses, and sometimes
as a spray outdoors or in “washes” or “dips” for
domestic animals. Tobacco stems may be burned
slowly, creating a killing smoke, or tobacco dust
may be freely scattered over the-plant, or decoctions
and extracts may be sprayed on the plants.

Whale-oil and fish-oil soaps and various common
soaps are effective insecticides for plant-lice, scale
insects and many other sucking insects. Two pounds
of soap dissolved in one gallon of water is the neces-
sary strength for killing scale insects on dormant
plants in winter, and one pound in four to six gal-
lons will kill plant-lice and recently hatched scale
insects. i

Kerosene and crude petroleum are among the
most effective materials for killing sucking insectas.
Sometimes they can be applied in a fine spray on
dormant trees with little or no injury, but usually
it i8 necessary to combine them with soap in an
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emulgion, which can then be diluted with water.
The emulsion is made by dissolving 4 pound of soap
in 1 gallon of hot water, then adding 2 gallons of
the oil and thoroughly agitating the mixture into
a stable emulsion. This should be diluted with 3 or

4 parts of water for scale insects and with about
twice as much water for plant-lice and other suck-
ing insects. Pumps have been designed for combin-
ing the oils and water into a good mechanical emul-
sion, but usually the percentage of oil can not be
satisfactorily controlled.

So-called soluble or miscible oils which quickly
emulsify with water are now made and are very
effective against scale insects.

A lime, salt and sulfur mixture (often without
the salt) is a very effective and safe spray to use
on dormant plants for the San José scale and the
peach leaf-curl fungus. This “wash” is made by
boiling for about an hour 15 pounds of flowers of
sulfur and 20 pounds of stone lime in 50 gallons of
water ; by using about 6 pounds of caustic soda
this “ wash ” can be made without boiling and is
nearly as effective, but costs more.

Fumigation.

Both sucking and biting insects succumb to the
fumes of carbon bisulphid or to hydrocyanic acid

gas,

Carbon bisulphid is largely used in killing insects
infesting stored grains or seeds. It is poured into
shallow dishes set on top of the grain in tight bins,
or it may be sprinkled over the grain. The fumes
are heavier than air and sink all through the
grain; as the fumes are explosive, no lights should
be near. A little of the liquid poured on clothing
stored during the summer will kill the destructive
clothes moths. Cucurbitaceous vines have been
covered with cloth and successfully treated for
plant-lice with carbon bisulphid.

Hydrocyanic acid gas is generated by dissolving
cyanide of potassium in sulfuric acid and water.
It is used largely under tents by the citrous orchard-
ista in California for scale insects, and by many
nurserymen for fumigating their stock to kill San
Joab acale and other injurious insects. Greenhouses,

dwellings, cars and flouring mills have been fumi-
gated successfully with this gas for the white-fly,
household insects, and the flour-moth. The usual
formula for fumigating everything but green-
houses is 1 ounce of cyanide of potassium, 2
ounces of commercial sulfuric acid, and 4
ounces of water for each 100 cubic feet of
space ; the fumigation should be continued
half an hour for nursery stock and several
1rs or all night in buildings or cars. For green-
1se fumigation, 3 to 1 ounce of the cyanide is
d at night for each 1,000 cubic feet. This gas
:xceedingly poisonous to persons when breathed,
18ing death instantly.

~aying methods and machinery.

dany growers of fruits, potatoes and garden

ps now include spraying as one of the regular

| necessary “farm practices” to protect their
ps from insect and fungous enemies. To spray

+ most successfully requires skill, practice and

ne knowledge of the enemies to be fought.

ch energy and money is wasted every year in

‘ing to kill sucking insects with poison sprays
wnich they can not eat, or by uninterested
laborers who hurry through the more or less dis-
agreeable job. It is often necessary to success that
we follow closely the detailed directions for mak-
ing the sprays; for example, it is very essential
that dilute and not concentrated mixtures of
copper sulfate and lime be poured together in
making Bordeaux mixture. Successful spraying is
scientific and thus requires the services of faithful,
trained men. Only the most thorough work with
the best materials and machinery will accomplish
the most paying results. To control successfully
the San José scale, for example, each tiny scale
not larger than a pin’s head must be hit thoroughly
with a powerful insecticide, thrown with force
through fine nozzles so as to penetrate every
crevice in the bark.

Machinery for the application of insecticides
has developed from a bundle of twigs or a broom,
through syringes and ill-adapted pumps, to a formi-
dable array of powder-guns and pumps specially
adapted to various conditions and crops. Insecti-
cides and fungicides are now combined into a finc

Fig. 70. Spray rig with steam power pump.

dust that is blown into trees with powder-guns.
This miscalled “dust-spray” is not so effective as
the liquid sprays in orchards, ae judged by present
experiments, and is used mostly where water is
scarce and the land is rough. For applying liquid
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sprays there are little atomizers holding a quart or
two with whick house plants, small gardens, or a
few cattle may be sprayed. Next come the bucket
pumps and knapsack sprayers, which will be found
useful on most farms for spraying small areas or
isolated trees in gardens. For several years barrel

pumps were much used in all spraying operations,
but now large tanks equipped with more powerful
pumps in which the power is developed by horses,
by steam or gasoline engines, by compressed air,
or carbonic acid gas, are mostly used in spraying
large areas of orchards, vineyards, potatoes and
other crops. The horse-power pumps, in which
the power is developed from the wheels by chain
or eccentric attachments as the machine moves,
give sufficient power to do satisfactory work
only on potatoes and similar low field crops. A
small compressed-air tank attached to these horse-
power pumps greatly increases their efficiency for
the spraying of small orchard trees and vineyards.
The pumps using compressed air for power do very
effective spraying of all kinds, but the necessary
outfit of several spray tanks, an engine and an air-
compressor are rather expensive. Steam spraying
rigs are heavy but are easily managed, and fur-
nish cheap and abundant power. Gasoline engines
are lighter and are being much used instead of
steam power. The tanks of compressed carbonic
acid furnish ample, easily manipulated but slightly
more expensive power than the engines. Some of
the forms of spray rigs are shown in Figs. 67-71.

Good nozzles are an essential part of spray
pumps. Several types of spray nozzles are used.

Some, like the cyclone and Vermorel nozzles, pro-
duce a very fine, funnel-shaped spray. In another
type, like the McGowan, the spray is fan-shaped
and can be thrown farther. The various modifica-
tions of the Vermorel type of nozzle are now
most extensively used, often several nozzles being

' ' the end of a light rod attached to the

facturers of spraying apparatus are
nproving and modifying their machines
to adapt them to the practical needs
culturist. American farmers are un-
© best equipped with insecticidal bat-
hey are putting up the most scientific
ful fight against their insect enemies.

ture on the means of controlling insects

nsive and scattered, much of it having
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ars of the Bureau of Entomology and

:rs’ Bulletins, of the United States De-

ent of Agriculture, and in bulletins

by the federal and state experiment

stations of the various states. The

following publications should also be

consulted : Annual Reports and Bul-

letins issued by the State Entomolo-

gists of New York (Dr. E. P. Felt, Al-

bany), 1llinois (Prof. S. A. Forbes, Ur-

bana) and Minnesota (Prof. F. L. Wash-

burn, St. Anthony Park, St. Paul), and

by the Government Entomologist (Dr.

J. Fletcher) at Ottawa, Canada; Lode-
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and Insecticides, 1895 ; Sanderson, Insects Injuri-
ous to Staple Crops, 1902.

THE MEANS OF CONTROLLING PLANT
DISEASES

By Henry L. Bolley

Almost every farm, garden and orchard crop is
open to the attack or influence of one or more
kinds of infectious disease. As farming, garden-
ing, or fruit-producing districts age under cultiva-
tion, the soil ages, and the conditions and materials
that are favorable to the development of disease
accumulate. Each crop, or type of cultivated plant,
unless properly handled, becomes more and more
susceptible to disease, and is more liable to be
attacked by disease-producers that are natural to
the habits and growth conditions of that particular
kind of crop.

Practically every known cultivated plant and
crop, including hothouse-grown plants, vegetahles,
fruit and shade trees, grasses and cereals, i< thus
attacked and the yield and quality are often greatly
reduced. It is to be expected that the warfare will
continue.
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Parts of the plant altacked.

Many plant diseases may be said to be systematic
or constitutional in the same sense as observed in
animal troubles. Though certain parts may be pri-
marily the chief source of attack, as, for example,
leaves in the case of rust, yet the effect on the
physiology of the plant finally becomes general. All
such diseases reduce the vitality of the plant body
as a whole. The points of first injury are various,
according to the kind of plant attacked and the
nature of the organism which brings about the dis-
ease. There are “root diseases,” ‘‘leaf diseases,”
* digeases of the stem ” and “diseases of the fruiting
parts,” but, as indicated, these terms are so applied
largely because the disease first appears on certain
parts or is finally most destructive to these parts.

The destruction or damage depends largely on
the part that is thus attacked, but also varies
greatly according to the kind of organism that
produces the disease, the period in the life of the
crop when the disease appears, and almost directly
according to the environment of weather and soil
conditions.

The cause of disease and the effects produced.

The effects produced by disease on the individual
plant and on a crop depend on the character of the
plants attacked, the nature of the organism that
causes the trouble and, as just indicated, on the
life conditions, such as heat, light, moisture, fertil-
ity of soil, drainage, 8soil texture, and the like.
Some diseases are of parasitic character and are
directly infectious, as, for example, fire-blight of
apple, wheat-smut, or wheat-rust. Others are im-
gz:fect. parasites, or merely decay-producers, which

ome materially destructive only under special
conditions of the soil or atmosphere. Some of these
last-named types at times become exceedingly de-
structive, as in the case of numerous decay bacteria
and molds on vegetation under conditions of ex-
cessive moisture. The work of the various damp-
ing-off fungi is a good example.

Some plant diseases are more or less local in
action and temporary in results, depending on the
character of the plant and the part attacked or on
sudden changes in the weather. There are many
others, such as plum-pocket, black-knot and potato-
scab, that are perennial or persistent, year after

ear, dependent on special peculiarities of the life

istory of the organism that causes the trouble,
peculiarities of the life of the plant attacked, on
some method of cultivation and handling of the crop
or soil, or on 8oil characters that allow of persist-
ence from year to year in the soil ; or, again, the
diseane may be transmitted on the parts of the
planta that are necessary to continued yearly
propagation.

These numerous peculiarities as to conditions,
typea of disease, modes of attack, differences in
types of plant affected, and 8o on, allow us to
contrive as to methods of combating or controlling
crup diseases. Such features, closely studied, often
make means of complete prevention possible. In
some of the most destructive diseases of farm
crops, such as potato-blight, stinking smut of

wheat, and grape-rot, methods of prevention have
been found quite practicable and have come into
general use. One cannot estimate accurately the
value of the results obtained, but the writer be-
lieves that from the smuts of cereal grains alone
the people of the United States, through practices
of seed disinfection, save annually in crop yields in
values approximating $20,000,000 to $30,000,000.
There are yet other plant diseases, such as wheat-
rust and apple-blight, in which the natural condi-
tions influencing their development are so compli-
cated that means of prevention or control, as yet
recommended, have given slight results.

In order to arrive at proper control or reason-
ably complete prevention of plant diseases, farmers
and gardeners must study all characteristic fea-
tures of the soil, climate, and conditions of plant
growth, that affect the development of the indi-
vidual plants or crops attacked, as well as those
conditions that affect, further, or prevent the de-
velopment of the disease. In this connection, it
must be remembered that the development of
disease in the crop is associated directly with the
conditions that favor the propagation and dis-
tribution of the disease-engendering organisms.
Therefore, close attention should be given to all
features affecting the relationship of soil, air, seed
and individual plants to crop development. All
conditions should be sanitary.

Soil considerations.

In this connection the soil is a factor of great
importance, and one should consider such features
a8 texture, drainage, chemical nature, fertility
and position, that is, the kind or type of soil
and location of the field for the particular crop
which it is intended to produce. It must be such
as to furnish the properly balanced food supply
for the crop or plant growth, so that there may
be a regular proper growth and evenness of ma-
turing. Soil drainage must be right, for it greatly
affects many features and conditions that gov-
ern plant growth. It directly influences such fea-
tures as soil texture, soil and atmospheric mois-
ture, and temperature; and it has a particular
bearing on the dissemination or distribution and
life of plant diseases in the soil. Surface waters
not only cause a souring of the soil and a general
sickening of plant growth, but they also serve as
a means of rapid distribution of the spores of
disease from plant to plant and from soil area to
goil area, until, in such soil diseases as cotton root-
rot, potato-scab or flax-wilt, all flooded areas are
quickly overrun or permeated by the disease-pro-
ducing organism. Poorly drained farm lands not
only directly distribute certain diseases but also,
through evaporation, directly affect the air con-
ditions, causing heavy fogs and dews. In the case
of such diseases as the rusts of cereal grains, these
conditions result in the greatest possible crop
destruction. If soil drainage is not proper, it must
be made so before one may hope for best results in
the control of some of the plant diseases.

Treatment of the soil is a phase of work not
evenly developed. There are numerous types of dis-
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ease, especially those which find permanence in the
soil, that may be controlled to a large degree
through proper culture, rotation of crops, soil
resting, and soil weathering. In certain types of
troubles, chemical applications have been found to

-

Fig. 7.2. Showing difference in growth of wheat from rusted
and unrusted mother plants of the same crop (alternating).
Seeds planted same day and plants same age.

be efficacious. All such methods and treatments de-
pend for their basis on the nature of the particular
disease-producing organism. Proper crop rotation
rests the land, keeps up an equable plant-food ration,
and lessens the possibility of disease accumulation,
because each plant disease is special in its wants
and cannot increase in the absence of its host.

Soil disinfection by means of chemical substances
directly applied does not yet give great promise.
The disease-producers are usually possessed of
greater powers of resistance than the delicate roots
of cultivated plants. Careful study of the soil
constituents and physical condition often allows of
soil treatment that is beneficial in reducing the
effects of disease. Some diseases, such as potato-
scab and flax-wilt, caused by soil fungi, are found
to develop with much greater damage on markedly
alkaline soils than on soils of neutrality. This is
comparatively easy of correction through the use
of barnyard manures, the growth of grasses, and
the like. Soils of poor texture often result in such
weak growths that ordinary infectious diseases
become more destructive than under proper tillage.
Such features must be remedied by proper methods
of handling the soil preparatory to cropping. To
this end, plowing and cultivating at the proper time
aérate the soil, allow it to weather and become a
large factor in destroying germs of disease that
hold over in the soil from year to year. This, we are
rapidly learning, is one of the real truths back of
proper crop rotation. [Another discussion of this
subject will be found in Vol. I, pages 450-453.]
Climatic conditions.

When considering possibilities of controlling
plant diseases, the matter of prevailing climatic
conditions, to which the crop must be subjected,
is of much importance. It decides, primarily,
whether or not one should attempt to produce the
crop under question, and indicates what variety of

the particular crop or type of plant should be
selected. While prevailing climatic features can-
not be directly controlled, one may often avoid the
difficulties which they bring about. This matter of
climate governs the time of planting, mode of har-
vest, the types of cultivation, and all such features.
To escape the worst effects of disease on farm
crops, one must take such features into consider-
ation, avoiding, if possible, those types of work
and methods which allow natural climatic condi-
tions to favor disease development. For example,
in the case of spraying to prevent diseases such
as apple-scab and potato-blight, one must consider
carefully the time when the work will prove most
effective. This will depend almost wholly on the
prevailing atmospheric and weather conditions,
which account for the spread of the various types
of disease-producing parasites and for their vary-
ing stages and destructiveness of development.

Seeds and seed treatment.

Of all the features of cropping which allow of
direct effort toward controlling or avoiding disease,
the seed is open to the easiest and most effective
study. It is an old saying that the seed-time de-
cides the harvest. It might as truly be said that
the type of seed, how it is cared for and handled
and prepared for the soil, decides what the harvest
shall be. This is particularly true with types of
plants that are subjected to certain crop diseases.

In handling the seed preparatory to the greatest
possible control of plant disease, one should always
have in mind a number of very important factors.
The introduction of new varieties into standard
cropping regions is often attended with troubles
arising from disease introduction. Some varieties
may not only prove worthless because of lack of

PFig. 73. Wheat from treated and untreated seed. Two bun-
dles of wheat heads cut at the same distance from ground
from two plots of wheat (the actual area two square feet).
1. From very smutty untreated seed; 76 per cent of smutty
heads in this sample. 2. Grown from same eced but
treated by the formaldehyde method to prevent smaut.

disease-resisting powers, but also may often prove to
be great disseminators of disease to the standard
crop of the locality. This feature may be noticed
in all types of plants, but is markedly noticeable
among cereals with reference to rust, as in differ-
ent varieties of oats and of wheat. For example,
it is very probable that the introduction of winter
varieties of wheat into noted spring-wheat areas is
alone sufficient to account for the rapid disappear-
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ance of the spring crop, this result being brought
about by rust which early developed on the winter
crop and fell on the immature spring crop. For
similar reasons, mixtures of varieties should be
avoided when possible. This is especially true of
cereals, but applies equally to fruit and vegetable
culture. When attempting to control crop diseases,
it is a matter of the greatest concern that in the
crop there should be an evenness of development
and maturing. One can often protect plants or
crops of the same grade of growth or maturity,
but it is difficult to avoid damage when there is no
uniformity in these features.

Saving seed.—After purity of variety, there are
no features of caring for the seed of greater impor-
tance than those which insure proper harvest, curing
and storing. Aside from conditions that may caase
weakened vitality of the seeds, there are many
features of these processes that may introduce or
multiply the chances of introducing infectious dis-
easea. Each crop and its special diseases must be
studied with these points in mind.

Vitality or initiative growth power in the seed
or cion is of great importance. It is of much
moment that the growth period from seed-time to
maturity shall be as short as possible. This applies
especially to annual crops. This initiative seed
power can be gained and maintained only by per-
sistent seed selection, cleaning and grading. With
this point in mind, one selects to secure varieties
and individual types which are the least susceptible
to disease, cleans them thoroughly to free them
from possible disease-bearing parts, and grades
them to get rid of diseased seeds, those that are
predisposed to disease and those that are not up to
the standard of excellence. Note Figs. 72-T4.

Treatment of seed.—Proper seed treatment pre-
supposes a proper selection of seed, proper cleaning
and grading. Seed thus prepared is then ready for
treatment or disinfection. The theory of seed dis-
infection rests on the principle that some plant
diseases, indeed many, are transmitted by way of
the seed either to the soil or to the new plant
directly by way of the embryo.

Pig. 74. Treating seed graln by spraying and shoveling, as
practiced on large farms In the Northwest.

Taking up this feature of the question, it is
necessary to consider just what diseases are to be
prevented. Some are known to be directly trans-
missible by way of the seed, the embryo or germ

B4

layers being internally infected as in the case of
flax-wilt or anthracnose of beans and loose smut
of wheat. By far the greater number of diseases,
such as the stinking smut of wheat and onions and
numerous diseases of garden vegetables, including
potato-scab and potato-rot, however, are easily
transmitted to the ground and the new plant
because of the presence of external spores, struc-
tures that are simply dusted on the seeds, and only
await an opportunity to prey on the roots. (Fig.
75.) For all such diseases, seed disinfection is an

Fig. 75. Potato-scab on sugar-beets. This illustra.

growing
tion is from the original experiment which proved that
potato-scab fungus lives from year to year in the ground,
and may attack other vegetables besides potatoes.

easy and direct remedy, and numerous formulas
and washes or solutions suited for special diseases
have been developed from time to time, among
which may be named the following examples : Cop-
per sulfate solution, corrosive sublimate solution,
hot water treatment, and the formaldehyde treat-
ments.

Usually the treatment demands that individual
seeds shall be subjected thoroughly to the action of
the disinfecting medium for a definite period of
time. It is well to remember that, as in the case
of serving medicine to persons, or administering
washes to wounds, only certain strengths are suit-
able to particular cases. Therefore, the directions
for using must be followed closely if prevention
can be reasonably expected, the aim being to pre-
vent the disease, and, at the same time, in no way
to injure the growth from the seed. It is an inter-
esting feature of seed disinfection that, whenever
a proper treatment for prevention has been made,
the yield may very greatly exceed that from the
untreated seed of the same type, even though no
particular disease is known to infest the seed. This
may be readily accounted for by the fact that dis-
infection does away with many unknown or unob-
served organisms on the seed that cause trouble to
the young plant sufficient to be of great detriment
to its growth, and yet not sufficient to give results
that would ordinarily be characterized as dis-
ease. Thus, with seed properly treated by the for-
maldehyde method of disinfection, bacteria, yeasts,
molds, all types of organisms which readily set up
fermentations in the moistened seed, are disposed
of, leaving the young plantlet to draw unmolested
the full amount of food materials stored in the
mother seed.

The following farm crops are grown with much
greater advantage if the seed is first disinfected :
Wheat, barley, oats, millet, grass seeds, flax seed
and corn. The method of disinfection is now almost



50 THE MEANS OF CONTROLLING PLANT DISEASES

uniformly some modification of the formaldehyde
treatment.

Formulas for seed treatment.—Only a few of the
standard formulas for seed treatment may be noted
here. The steps in different cases are very similar.
Persons interested in some special method of seed
treatment should consult their nearest experiment
station officer interested in such work, or look up
the matter in the general literature of the stations
and the Department of Agriculture.

Hot water : Temperature and time of immersion
vary according to kind of seeds and type of dis-
ease ; especially recommended for stinking smut
and the smuts of oats and barley; for stinking
smut in wheat dip at 135° Fahr., for three to five
minutes ; for oat- or barley-smut, immerse at 133°
Fahr., for fifteen minutes. (Consult bulletins of
Indiana, Kansas, North Dakota, and other experi-
ment stations.)

Corrosive sublimate solution: One ounce to six
gallons of water ; used successfully to treat potato
tubers for destruction of spores of scab, rot and
blight ; immerse whole tubers for one and one-half
hours. Plant on disease-free soil. This solution is
also very effective against stinking smut of wheat.
(See bulletins of North Dakota Experiment Sta-
tion and others.)

Formaldehyde solution: The most economical
and successful seed disinfectant; now in general
use for all types of seed and all types of plant dis-
eases. Easpecially recommended for prevention of
smuts in cereal grains, wheat, oats, barley and
millet, flax-wilt, onion-smut and potato-scab. Very
effective in improving the first-growth powers of
weak or moldy seeds, especially grass seed, corn,
garden seeds, and the like. It prevents the early
action of molds, damping-off fungi and other
diseases. The strengths used on cereals and seeds
is generally sixteen ounces of 40 per cent formalde-
hyde to forty gallons of water; for potato-scab,
sixteen ounces to thirty gallons. It is used either
as a spray or dip. (For special methods, consult
experiment station literature.)

Sulfur and lime have often received high com-
mendation for use in seed disinfection. The writer,
after many trials, has been unable to find them
of use against any fungus which attacks by way
of seed or soil.

The growing crop or plant.

It is essential to take into consideration the
growing plant or crop, noting the many features
that have particular bearing on disease develop-
ment or, at least, those that allow one to guard the
crop against excessive destruction. Any feature of
soil or environment which may chance to give an
unfavorable growth period during the regular
growing season may lay the crop open to serious
damage. Thus, the drainage and character of the
soil, as already said, and its cultivation may par-
ticularly affect the character of the crop with
reference to its ability to develop in the presence
of disease. The influence of drainage is always
distinctly noticeable in its effects on the develop-
ment of blights, wilts and rusts. For example,

poorly drained areas in the great spring - wheat
belt of the Northwest bring about heavy dew for-
mations, and this results in extreme rust infection
and consequent damage.

The matter of fertilization of the flowers by
insects often plays a direct rdole in introducing
new infection, as, for example, when bees and flies
visit infected trees and carry infection from flower
to flower and from tree to tree. This has been
clearly demonstrated in pear- and apple-blight.

The application of fertilizers and barnyard
manures may exert a direct influence on the devel-
opment of plant disease. One often sees the ill-
effects of the injudicious use of such agents. It
need only be emphasized that an unbalanced food
supply readily produces an irregular growth which
may be open to the attack of many types of
disease-producing agents, as, for example, rust of
wheat in case of excessive use of nitrogenous fer-
tilizers or barnyard manures. Weeds in many ways
may be unfavorable in their effects on the grow-
ing plant, and directly favorable to destructive
action of plant parasites on the crop. They draw
away nourishment in time of drought and by keep-
ing the crop befogged in times of dampness, as in
the case of the rust parasites, they bring about
profuse spore germination and infection. Certain
weeds are also direct breeders of the parasites
which prey on special cultivated crops. Clean cul-
ture, therefore, always has its direct merits.

The matter of considering the growth periods of
the crop becomes one of actual necessity when
preparing for the work of spraying for prevention.
It determines the time of spraying and the strength
of solution that may be used with success.
Spraying for prevention.

Spraying for the prevention of plant diseases
has now become a fixed practice in the better agri-
cultural regions throughout the world. It owes its
existence to the simple fact that many of the special
diseases which attack farm, garden and orchard
crops are infectious by nature, and spread from
plant to plant by means of small seed-like struc-
tures, called spores, which may be readily borne by
the winds, water, insects or other agencies. When
they fall on the growing plant, they begin to grow
either by attacking the plant surface or by send-
ing filaments into the internal structures. It has
been found that certain solutions, applied at the
proper time, cut short the lives of these spores and
their developing growths, preventing injury to the
plant on which they fall, or on which they are
spreading. The aim of spraying is to cover all
surfaces that are likely to be attacked, or on which
spores are likely to fall, with a film of some chem-
ical, either dry or in solution, that will prevent the
germination of the spores and the development of
the disease-producing organisms, and, at the same
time, not injure the foliage and living tissues of
the plant on which the spray falls. It is thus
merely a matter of disinfection.

The time for spraying can be properly deter-
mined only by a close observation of the period
at which the disease is spreading and by con-
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ridering the stage of leaf, flower or fruit develop-
ment. Usaally the earlier spraying is done on
orchards and permanent plants, in order to destroy
the first series of spores that may come from dis-
tant regions. Two or three, and in some cases four
or five treatments are applied during the growing
season for a like reason.

If spraying is done properly, one need not expect
to see much indication of the diseases which are
thus preventable in the sprayed crop. It is wholly
a matter of prevention. Therefore, forethought
must be exercised ; for when the disease is once
started, spraying, in most cases, will not prevent
the particular plant sustaining injury, as in the
case of a potato plant which has become attacked
by blight. Proper spraying, however, will prevent
the disease spreading from this plant to other
plants,—indeed, will keep it confined to the parts of
the plant already attacked. Even the individual
plants that are once attacked are benefited because
their future growths may continue uninterrupted.
Spraying has become so universal that one need
only cite a few diseases that are thus preventable.
It must be remembered that, as each plant disease
has a particular life-history and attacks its host-
plant in a particular way, there are special reasons
for modifying spraying processes to fit each crop
and each peculiar disease; therefore, one who
wishes to take up the work should consult proper
authorities, or bulletins dealing directly with this
phase of the question.

The following list of diseases that may be pre-
vented by proper spraying is only an indication of
the actual number: Apple ripe-rot, anthracnose,
canker or bitter-rot, leaf-spot and scab; aspara-
gus-rust; bean anthracnose; beet leaf-spot; celery-
blight; cucumber damping-off, mildew and blight;
gooseberry mildew; grape-rot and anthracnose ;
lemon-scab; lettuce leaf-rot, leaf-mold and mildew;
melon mildew and anthracnose; olive-scab; orange-
scab and mold; peach leaf-spot and scab; pear-
scab and leaf-spot ; plum-rot and shot-hole fungus ;
potato early blight, late blight, rot and mildew;
raspberry anthrancnose; squash fruit-blight, rot
and mildew; tomato anthracnose, leaf-blight and
damping-off ; violet mildew, mold and blight.

Sanitary prevention.

Since all of the plant diseases that affect field
crops and plants generally, excepting those that
are due to improper agricultural technique or par-
ticular chemical nature of the soil, may be looked
on as essentially infectious, either directly from
plant to plant or from soil to soil, one may put the
whole matter on sanitary bases similar to those
which apply to the prevention of diseases among
animals and man. An ounce of prevention is worth
a pound of cure. In the case of farm crops and
garden plants, it is clearly true that a slight
amount of energy placed to the credit of proper
methods of prevention adds greatly to the crop
returns. The chief methods of prevention that are
usually practiced have been cited when we mention
seed treatment and spraying. These strictly belong
to this heading of sanitary prevention, but, as they

have become matters of common practice, the
writer wishes to call attention to the fact that
there are other sanitary methods of avoiding
diseases in farm and garden crops aside from these
two. Much may be done to put the environments
of the crop in sanitary condition, as the cleaning-
up of the field after the previous crop, the elimina-
tion of diseased parts of permanent plants, trees
and shrubs, the disinfection of bins, machinery,
sacks, storehouses, elevators and all containers and
contrivances that are to be handled in connection
with the cultivation of the new crop. And, finally,
the farmer should look to the breed, striving to
procure breeds or strains that are resistant to the
diseases that affect their race and variety.

In the case of crops that are annually attacked
by diseases, an intelligent, concerted action on the
part of the farmers throughout the country must,
of necessity, have great bearing on the reduction of
disease-producing influences. Every farmer knows
that to grow potatoes year after year on the same
patch of ground results in gradual reduction in
yield and quality because of scab, rot, blight and
wilt, and numerous apparent but unknown troubles.
This is but an example of the accumulation of the
infecting spores of such diseases in a particular
area of soil or in the immediate neighborhood.
There are probably none of the fungi producing
known diseases, that are not able to survive the
winter on the refuse of the preceding crop. We have
numerous suchexamples: mildew of peas and beans,
bacterial disease of cabbage, cotton root-rot, wilt
of flax, stinking smut of wheat, the black smut of
corn, potato-blight and potato-rot, apple-scab, apple
canker, pear-blight, grape-rot, and so on. While
some of these diseases are maintained from year to
year on wild plants, the great majority of them
gain their excess of development on the more ten-
der abnormally developed agricultural plants. It
has thus become one of the tenets of agriculture
that the waste products of these, such as potato
tops, waste fruit or vegetables, whatever they
may be, should be eliminated as quickly as possible.
This may be accomplished by gathering them care-
fully in heaps to be burned on the ground, or per-
haps better by thorough composting. It has been
said that thorough composting results in the de-
struction of most types of spores; yet, on the out-
side of all such manure piles and compost heaps it
has been found that many of the diseases, such as
the smuts and imperfect fungi, may even develop
their spores in great quantities. The writer has
known whole areas of virgin soil in North Dakota
to be ruined for flax production through the use of
poorly composted flax straw in barnyard manures.

Old-time gardeners have always believed in the
elimination of weak and sickly plants. Greenhouse
men of greatest success have always “rogued” all
their beds. It will be clearly seen that, if such
weakly and sickly plants are destroyed by fire, the
chance of spreading disease is greatly lessened. In
the case of perennial plants, trees and shrubs, there
are many diseases for which proper pruning may
largely lessen the possibilities of disease distribu-
tion. In the case of apple-blight, pear-blight, and
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many of the common fruit diseases, a persistent cut-
ting back of the diseased parts and burning is suf-
ficient largely to reduce the damage done by these
very destructive diseases. Indeed, at present it
seems the only effective means of controlling such
diseases. In these cases which directly infect th:
internal tissues of the plants, the pruning to elim-
inate diseased parts must be done at a consider-
able distance below the actual place of disease in
order that the disease may not continue below that
point. One also keeps a disinfecting solution for
the purpose of disinfecting his hands and tools, so
that the disease may not be transferred from limb
to limb. In the case of pear-blight, which may
be taken as a good example of such troubles, the
organism that occasions the blight may be trans-
ferred in the sticky juice that exudes from dying
parts to other parts by any agency which comes
in contact with the disease-bearing liquids and
afterwards ‘wounds or perforates delicate parts
of other trees. A concerted action of the fruit-
growers throughout the United States might
readily reduce to a minimum the injury occasioned
by this disease. In order to make such efforts
effective, farmers interested in particular crops,
whether of fruit, vegetables or cereals, will need
to bring as much influence as possible to bear
on their neighbors, and indeed on all persons con-
cerned. It is only in concerted action that sanitary
prevention can become of gemeral benefit. When
education along such lines is general, losses from
disease will be reduced to a minimum.

A point in disease control which is often over-
looked by many who are otherwise quite successful,
is that of caring for the seeds after harvest. This
especially applies to vegetables and cereal grains.
All bins, machinery, granaries, storehouses and
elevators should be kept thoroughly clean and, as
nearly as possible, free from dust. The farmer who
practically breeds and selects his own seed grain
and plants for propagation, after once having
procured a pure strain, need seldom take other
precautions than those previously mentioned of
eliminating the weak and inefficient plants and the
like, providing he holds himself to cleanliness in
regard to machinery and seed storage. It is easy
to introduce such a disease as stinking smut of
wheat, by allowing the machine which has pre-
viously threshed a smutty crop to come on the farm
before it is properly cleaned. It is clearly evident
that diseases of cereals and vegetables, including
potatoes and smaller crops, can be transmitted
readily in sacks and other containers. In most
cases it i8 a simple matter to disinfect these con-
tainers at the time that the process of seed disin-
fection is being carried ont.

Breeding and selection.

All of the above processes that have been men-
tioned for avoiding or controlling diseases have for
their basis the assumption of the fact that we
have a particular kind or strain of plant or crop
that we wish to protect against disease. Control-
ling diseases of farm crops by means of breeding
and selection has in view the supposition that

those valuable strains of farm plants which we
now possess, by proper breeding and selection may
be increased in their efficiency of resisting disease
without materially interfering with their economic
value. Proper processes of breeding and selection,
therefore, would presuppose the ability on the part
of the breeder or selector to maintain, in his crop,
its ability to produce quantity and quality and yet
have the crop possess the added power of disease
resistance. To accomplish this does not demand
the effort of a scientific plant-breeder alone. It
demands that the farmers gain that simple knowl-
edge that enables them to recognize the plant or
crop that does resist the prevailing diseases, and
then that they should save the seed and propagate
this crop to the exclusion of those types of plants
or crops which are inefficient in this respect. New
kinds are often secured by the process of crossing
and breeding. This is usually the work of the
expert or, at least, of men who have means and
time to tend to the work. But new strains, so far
as the actual crop is concerned, may be secured by
straight selection of individual plants. :

This line of work lately has been found to give
results of enormous crop value. One has only
to save the seed from the types that best serve
the purposes, and persist in doing so to gain
greatly in this respect. This is the newest field of
work along the line of controlling plant diseases,
but it is sufficiently past the experimental stage
to allow one to assert with confidence that any
farmer who will may thus greatly benefit himself
and aid all mankind toward the elimination of
plant diseases. For example, if we gain a type of
wheat that does not produce on its leaves one-third
as much rust as has been produced previously in
that region on the common types of wheat, it is a
gelf-evident fact that there will not be so much
rust to be distributed to other fields. If, by care-
ful and consistent selection of varieties and indi-
vidual strains from the varieties, the farmer
finally attains a crop of potatoes that is no longer
open to the attack of potato-rot and dgot.at.o-blight,
it is a self-evident fact that his fields will not be
distributers of the disease to other fields. It is too
much to expect, perhaps, that this process will
eliminate entirely some of the most destructive
diseases, such as rust of wheat, rot of potatoes,
blight of pear, root-rot of cotton, and wilt of flax,
yet the results gained in this direction in the East
ten years are such as to convince the most skep-
tical that herein lies a most effective means of
reducing the destructive action of plant diseases.
The process is so simple that any one may engage
in it with success. Diseases weaken, mar, shrivel
and lessen the produce from plants that are non-
resistant. Mother plants that are resistant produce
the more perfect products. It is from such that
one should propagate the succeeding crops. It is
but to put the ‘‘survival of the fittest " principle
into direct action in crop production.

Literature.

The literature on plant diseases is voluminous.
It is impossible here to cite monographs. Refer-
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ences to these may be found in writings specially
devoted to this subjeci. Many of the diseases that
bave to do with special crops are discussed or
referred to under these crops. Most of the experi-
ment stations and the United States Department
of Agriculture have issued general and specific
bulletins on plant diseases. The card catalogue of
experiment station literature, issued by the United
States Department of Agriculture, is especially
belpful in this connection. A few important publi-
cations follow : Centralblatt fur Bacteriologie und
Parasitenkunde; Cobb, Plant Diseases and Their
Remedies, Department of Agriculture, New South
Wales; Cooke, Rusts, Smut, Mildew and Mold;
Cooke, Introduction to Study of Fungi; De Bary,
Morphology and Biology of Fungi, translated by
Garnsey and Balfour; Engler and Prantl, Die

Naturlichen Pflanzenfamilien; Hartig, Pflanzen-
krankheiten ; Hartig, Diseases of Trees, translated
by Sommerville and Ward ; Journal of Mycology ;
Kuster, Pathologiche Pflanzenanatomie; Masse,
British Fungus Flora; Revue Mycologique; Scrib-
ner, Fungus Diseases, Selby, Handbook, Diseases
of Cultivated Plants, Ohio Agricultural Experi-
ment Station Bulletin, No. 121 ; Smith, Diseases
of Field and Garden Crops ; Smith, Spread of Plant
Diseases, see Massachusetts Horticultural Society
Report, 1898 ; Sorauer, Pflanzenkrankheiten ; Stone,
Diseases of Crops, not Generally Supposed to be
Caused by Fungi or Insects, Massachusetts Agri-
cultural Experiment Station Report, 1905 ; Under-
wood, Moulds and Mushrooms; Von Tubeuf and
Smith, Diseases of Plants; Ward, Diseases of
Plants; Freeman, Minnesota Plant Diseases.

CHAPTER III
THE BREEDING OF PLANTS

REST IN PLANT-BREEDING is now one of the dominant notes in American agri-
culture. We have tended to proceed along one line of progress at a time. The
enriching of the soil has long been the most dominant note in agriculture. Of late
years, the importance of tillage has been again very strongly emphasized, with some
misapprehension, no doubt, of some of the real issues involved. In some periods,
underdrainage has been especially advised. At present, the desire to breed adaptable
kinds of plants has come strongly to the fore, following long years of insistence on
the part of prophets here and there. This plant-breeding phase of our development is not
likely to isolate itself, for we now have a body of investigators and teachers and of so many
minds that all phases of agriculture are likely to receive somewhat coérdinate attention.

The larger part of plant-breeding work is now centralizing about the experiment stations and the
Department of Agriculture. This is characteristic of our time, for the institutions hold the leadership.
In time, when agricultural affairs have readjusted themselves, leadership will again lie in good part in
men engaged in commercial farming. There is every reason for supposing that plant-breeding should be
a personal enterprise as well as an institutional enterprise.

These remarks do not lose sight of the fact that there are a few personal and isolated plant-
breeders, standing out strongly and doing their work by methods of their own. In this class, Luther
Burbank is preéminent. Burbank’s work has been misjudged and sensationalized by reporters (a danger
which just now threatens all work of this kind), until the public is in great error in its estimate of it.
Mr. Burbank is experimenting with an unusual variety of plants in great numbers and under propitious
natural conditions, with strongly personal methods and points of view. His place abounds in surprising
and interesting results in the variation of plants. Some of the results will no doubt be of marked
economic value. But his work is not occult, nor is it revolutionary. It will rank among the great efforts
in the amelioration and adaptation of plants. It is calling attention to the fact that the intellectual
interest in variation may be quite as much worth while as interest in the ®sthetic or other companion-
ship with plants.

The reader will now want a statement of what plant-breeding is : it is the producing of plants that
are adapted to specific conditions or requirements. The mere production of something new, or unlike
anything then existing, may have little merit or purpose, and it is not plant-breeding in the best sense.
It will be seen, therefore, that the first step in plant-breeding is a definite purpose or ideal; one does
not develop this ideal until he has a clear conception of his business.

The professional plant-breeders may be the persons to produce the larger and bolder races or groups ;
but it must lie with the individual farmer to adapt these things to his own place, or to be able to
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choose those that are already adapted, as it is also his part to determine what kinds of fertilizers he
shall use or what kinds of crops he shall grow. Good farmers have always been plant-breeders: they
have “selected the best” for seed ; they have changed seed from place to place; they have exercised
a shrewd discrimination in varieties and strains. The present phase of plant-breeding differs in attach-
ing more importance to plant adaptations and in a better understanding of the principles underlying the
practices. The good stockman does not use common stock for breeders ; the good plantsman does not use
common stock for breeders.

Every good farmer, then, is of necessity a plant-breeder. He knows the points and merits of his
wheat or cotton, as the dog-fancier knows the points of his dogs. Knowing this, he will also know what
improvements are needed to adapt the plants to his soil or climate or system of farming or markets.
He will then set about it to secure these improvements by (1) looking for plants that most nearly
approach the ideal or causing them to vary toward that ideal, (2) selecting seed from these plants,
() repeating the process as long as he lives. The remainder of the work is detail.

This process may not produce any very striking or permanent new vegetable forms; but the
efficiency of a personal business lies mostly in these smaller grades of differences. If a man is a seller of
new plants, he may want plants with new names. For certain regions and certain purposes, also, wholly
new kinds of things may be needed ; but with the producing of these the individual farmer will not
often concern himself. It is significant that some of the most important seed business of the present day
rests on the sale of improved, selected or pedigreed seed of standard varieties. Every ambitious, careful
and clear-headed farmer should now be able to produce superior seed-stock of his staple crop to sell for
planting at good living prices. The public is now ready to believe that there are grades of quality in
seed-stock of the common crops as there is in butter or cheese or liquors (some time we will also know
that there are grades of quality in plain drinking-water).

The above advice rests on the principle that improvement is made by means of selection. This is the
Darwinian principle. Selection, however, rests on variation. Why variations (or differences) arise,
nobody really knows, although nearly everybody has an opinion. It is known, however, that variations
accompany changes in soil, climate, methods of growing, and other changed conditions. Variation may
also be induced or started off by crossing one plant with another, and such differences are likely to be
marked. Some variations appear without any apparent reason, and they may be more or less stable from
the first; they are ‘“sports,” or, as we now say, mutations (following the terminology of DeVries).
These marked so-called “sudden” variations may reproduce remarkably true from seed. The recent
evolution discussions have tended to divide variations into these two classes,—the small individual
variations that do not reproduce or “ come true” (and are therefore presumed to be of no permanent
effect in the evolution of the type), and the variations, usually wider, that do ““come true.” We do not
know, however, what are the ultimate origins or what the physiological differences. Divested of technical
questions and controversial phases, the practical difference between mutations and other variations is one
of definition,—the mutations come true, the others do not. The mutation theory controverts the older
doctrine that variations may be augmented by selection until the differences become morphologically
great, and until they also become “fixed ” or able to reproduce themselves,—that is, that species originate
by means of selection ; but the mutation theory does not controvert the importance—but rather empha-
sizes it—of selection as an agent in the improvement of agricultural plants. Even if a mutation (or
hereditable variation) appears, it may still be greatly improved in its minor features by careful selection.

The mathematical law of chance or probabilities applies to hybrids as well as to other numerical com-
binations. If a plant with three given characters, for example, were to be crossed with a plant of three
contrasting characters, the law of probability would predict about how many of the offspring would
have one combination of characters and how many would have another combination. The law might not
be exemplified in any one plant, but it would very likely be apparent in the average of a number of
plants ; and the greater the number, the more regular the results, due to the subordination of exceptions.
Mendel found that this law applies to characters that are united in crossing ; if the law applies, it
means that the characters or marks have an identity or individuality of their own, that they are carried
over entire rather than as blends. In order to explain the application of the mathematical law of
chance to hybridization, therefore, we suppose that characters are units and that they are represented
diréctly in the germ-cell ; and hereby arises the theory of the “purity of the germ-cell.” That is to say,
the mathematical law requires a biological hypothesis to explain why or how it works with animals and
plants. Very many experiments have shown that the characters of parents reappear in offspring approxi-
mately in the given mathematical proportions; on the other hand, other experiments show a different or
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contradictory result. Some hybrids also are blends. A very complex body of speculation has been built
up around the so-called Mendellian law, as there has been about other pronouncements in times present
and past; how much of it is truth time only can tell. The Mendellian discussion has challenged our
notions of hybridization and heredity and has modified the methods of experiment ; but there is no indi-
cation that the Mendel law will enable us to produce new plants with certainty, as some of its early
adherents predicted.

Plant-breeding socteties.

This Editorial is written from the viewpoint of the farmer: the professional plant-breeder will take
care of himself. The farmer needs help in this particular effort, as he needs it in other ways. The organ-
ization of breeding societies is one of the best means of spreading and unifying the work. A number of
these societies are now in existence, indicating the interest in the subject and the grip that it has on
practical men. Associations for plant-breeding are as necessary as societies for animal-breeding. Asan
illustration of the kind of effort that these organizations stand for, citations may be made from the
literature of the Ohio Plant Breeders’ Association : “The purposes of this association shall be to encour-
age the improvement of plants and to provide an official record for breeders who are giving special
attention to this work.” The rules for the registry of seed corn are as follows:

“Section L.—Eligibility.

‘“In order that a strain of corn may be eligible to registry with the Ohio Plant Breeders’ Association,
it is necessary that it trace directly and exclusively to remnants of ears that have ranked not lower
than fourth in point of yield of grain, protein, starch or fat in a duplicate ear-row test of not less than
twenty-five ears ; and that each year’s breeding or testing work shall have been conducted and recorded
in accordance with the requirements of the Association.

“Section IL.—Ohio Pedigreed Corn.

“Any corn which is the product of a cross between two ear remnants, one as sire and the other as
dam, each of which has been selected as per Section I, shall be entitled to the name Ohio Pedigreed.
The records shall show whether the cross was made by artificial or natural pollination.

“Section IIL.—Ohio Standard Corn.

“Eight or more registered ears, as per Section II, or ear remnants, as per Section I, may be merged
by shelling and mixing together the grain from all, before planting. If this merged corn, or corn
descended exclusively from it, shall, on the average, excel in yield of grain, protein, starch or fat per
acre, each of three other varieties (including the one from which it has descended and a standard variety
which shall be supplied by the council upon request), when tested upon not less than tenth-acre plots for
three consecutive years, the owner of it shall be entitled to a certificate under the seal of the Association,
setting forth the record numbers under which the work upon this corn has been recorded, together
with a statement that it has filled the requirements of the association and is entitled to the name
Ohio Standard. A fee of $10 shall be required for this certificate and copies of same shall be issued at
26 cents each to accompany any corn that traces directly and exclusively to this merging.

“Section IV.—Transfers.

“Transfers of grain, together with all breeding privileges, may be made at any time, but in order that
the progeny of such grain may be eligible to registry with the Association, each transfer must be entered
for registry with the Recording Secretary of the Association within three months of the time of transfer.
A certificate of transfer shall then be issued under the seal of the Association showing the record
numbers under which the work of the breeders upon this corn has been recorded. A fee of $1 shall be
charged for each record of transfer.”

How to cross plants.

One of the means of inducing variation, as already explained, is to cross one plant with another. By
croasing, also, it may be possible to combine some of the attributes of two or more plants into one. The
reader will want to know how crossing is accomplished.
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For most farm purposes it is sufficient to grow the intended parents side by side, if they are wind-
or insect-pollinated, and let the chance of crossing rest with natural agencies. The seeds are then taken
from the most likely parents and sown separately. In the progeny, one may expect to find some plants
to his liking or at least such as are suggestive for further experiment. Plants that are
\ freely visited by bees, as the fruit trees, or those in which the sexes are in separate flow-
[} ers, as maize and hemp and chestnuts and melons, are almost certain to be crossed by this
method. If the stigma happens to receive pollen from its own flower or plant and also from
another plant, the foreign pollen will usually accomplish the fecundation. No doubt
D( a great many of our agricultural varieties have arisen from such naturd] and appar-
ently promiscuous crossing.

If one wishes to make an exact experiment, however, he must transfer the
pollen himself under conditions of control, both to ensure that crossing takes place
and that the pollen is from a given parent. The manual operation of crossing is of
four parts: (1) protecting the pistil from undesired pollen; (2) protecting the pol-
len; (3) applying the desired pollen; (4) protecting the ovary and fruit. The operator
must first be familiar with the parts of the flower. If he has no teacher, he may
secure this information from any of the school botanies: and Figs. 14 to

& 17 and 76 will aid him. In the succeeding pages he will find the flowers

"'/ 87  of the different crops displayed.

" (1) Protecting the stigma.—If the flower contains stamens, the anthers must
i 'i be removed before pollen is discharged. The discharge is likely to take place
' about as soon as the flower opens. The pistil must also be protected from foreign
pollen. This means that the pistil must never be exposed to wind or insects. The
protecting of the the pistil, then, is of two kinds,—removing the anthers (emascu-
lation), covering the flower. Usually the bud is opene® *-~*
before it is ready to burst, the anthers clipped off or brol
and the flower covered securely with a thin paper or musl

(2) Protecting the pollen.—In the meantime the
bearer has been looked after. It is safest to cover with
the flower or cluster of flowers from which pollen is
to be taken, for insects may leave foreign pollen on the
anthers. This precaution is not often taken, however,
for the operator is careful to take his pollen only from
unopened anthers. In some cases the pollen ripens in
V) advance of the pistil, or it must be secured from a dis-

, 7\ tance. It will usually retain vitality a few days if

carefully dried (not heated) and kept dry in an envel-
ope. Some species have short-lived pollen, and some
Fig. 76. have relatively long-lived pollen : it should be the aim

ng‘m or day to have it as fresh as possible, when applied to the

of development. The stigma.

open flowers show the (3) Applying the pollen.—Usually the stigma is not

tls. p. ihelargebuds  rine or “receptive” when the flower is emasculated.

ggg:fd Mage to c“: The flower is to remain covered, therefore, until the

lated. Tt is well to stigma is receptive. This epoch is determined by the

A e Y looks of the stigma, a point to be accurately deter-

boda’ wnd anyopes Mined only by experience. The ripe stigma usually Fi& 7. i""‘:"m”'

flowers are removed, gxpdes a sticky or glistening covering, or it becomes ’

and the emasculated . 2 . . ..

ones covered with a rough and papillary. A hand lens will aid greatly in determining the proper

bag. time. A fresh ripe anther is crushed (if the pollen is taken fresh from the
flower) on a knife-blade or thumb-nail, and some of the liberated pollen applied to the stigma by means
of a needle-point or other small implement. The stigma is completely covered if possible. Then the bag
is replaced.

(4) Protecting the forming fruit.—The bag is allowed to remain a few days, until all danger of

further fecundation is removed. It is usually replaced by a mosquito-netting or tarlatan bag, in order to

protect the fruit from insects or mechanical injury. This bag also aids in locating the fruit amongst
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the foliage and it catches the fruit when it falls. When the cross is made, a label or tag is secured to

the flower or branch to identify it.

It is seldom that all crosses “ take.” The proportion of successes depends somewhat on the skill of
the operator and very largely on the kind of plant. Some plants cross very readily and some with

great difficulty.

The seeds are now to be sown. The hybridizer always anticipates satisfaction with the results.

SOME OF THE PRINCIPLES OF PLANT-
BREEDING

By Herbert J. Webber

We are inclined to think that plant-breeding is
based on old and well-established laws. The fact is,
however, that the fundamental principles of plant-
breeding were not made known until the latter
part of the eighteenth century. The sexuality of
plants was established experimentally by Camera-
rius in 1691, and the first hybrid of which we have
any record was made by Thomas Fairchild, an
English gardener, in 1719, being a cross of the
carnation with the sweet william. Hybrids were
carefully studied by Koelreuter, but not from a
practical breeding standpoint. Plant-breeding had
its real beginning with the work of Thomas Andrew
Knight, an eminent English plant physiologist,
working in the early days of the nineteenth cen-
tury. About the same time Van Mons, a Belgian
borticulturist, also carried out experiments in a
similar direction. A large part of our knowledge
of plant-breeding has come down to us from
these two investigators. Knight worked mainly in
hybridization, and in 1806 said : *“ New varieties
of every species of fruit will generally be better
obtained by introducing the farina of one variety
of pollen into the blossoms of another than by
propagating from a single kind.” Knight also
enunciated what we may call the law of food sup-
ply, which is now generally recognized. This pred-
icates that one of the principal factors which
causes or induces variation in plants is an increase
of food supply or a modification thereof. Van
Mons worked mainly in selection, and it is inter-
esting to note that his experiments were carried
out primarily with pears. He preached the doctrine
of continuous selection, and produced very many
valuable varieties. Van Mons and Knight, there-
fore, were the exponents of the important factors
of selection and hybridization in plant-improve-
ment. It i8 probable that a large part of the suc-
cees of Van Mons’ work was due to the fact that
pears are normally sterile to their own pollen,
requiring cross-fertilization, and, therefore, many
of his new varieties were probably hybrids. He
was not aware of this fact, however, and it made
no t difference in the establishment of the prin-
ciple which has since proved .to be so important.

In thia country very valuable work was done in
the improvement of plants and in discovering the
Erinciples of plant-breeding, by Carman, Pringle,

ovey, Ricketts, Rogers, and others, and in more
recent years by Burbank, Hopkins, Hays, Bailey,
and very many others.

The rediscovery of Mendel’s now famous law by
DeVries and Correns, in 1900, and the publication

of DeVries' Mutation Theory in the same year,
marked the beginning of a new era in plant-breed-
ing. No matter what the final conclusions may be
regarding Mendel's principles and the mutation
theory, the general attention and investigation
directed to plant-breeding as the result of these
two theories will serve greatly to modify and
extend our understanding of the general laws of
breeding.

Classification of varieties.

To understand clearly the character of organisms
with which we are dealing, we need careful defini-
tions of the different groups of cultivated plants
which are ordinarily known as varieties. We speak
of varieties of wheat, corn, apples and pears, yet
we know that these varieties differ from each other
as natural groups. In order to distinguish clearly
these differences, the writer has proposed the fol-
lowing classification of varieties into races, strains
and clons:

Races are groups of cultivated plants which have
well-marked differentiating characters, and propa-
gate true to seed except for simple individual vari-
ations. The different groups of beans, peas, wheat,
oats, corn, cotton, and the like, referred to com-
monly as varieties, are thus in a more restricted
sense races. Boone County White, Leaming, Reid’s
Yellow Dent, and the like, would be recognized as
races of field corn, and Turkey Red, Fulcaster,
Fultz, and the like, as races of wheat.

Strains, the writer would recognize as groups of
cultivated plants, derived from a race, which do
not differ from the original of the race in visible
taxonomic characters. When the breeder, by a
careful selection of Blue Stem wheat, produces a
sort of Blue Stem that differs from the original
race only in the quality of yielding heavily, it would
be called a strain of Blue Stem.

Clons are groups of cultivated plants, the different
individuals of which are simply transplanted parts
of the same individual, the reproduction being by
the use of vegetative parts such as bulbs, tubers,
buds, grafts, cuttings, runners, and the like. The
various sorts of apples, potatoes, strawberries,
chrysanthemums, and 8o on, commonly denominated
varieties, in a more restricted sense would be clons.
Clons of apples, pears, strawberries, potatoes, and
the like, do not propagate true to seed, while this is
one of the most important characters of races and
strains of wheat, corn, and the like. The term
variety would thus be used in a general sense, and
would include races, strains and clons.

Factors of breeding.

Heredity.—The laws of heredity are of primary
importance to the breeder. It is a general principle
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that ordinarily like begets like, but it is also true
that like frequently gives rise to unlike. There are
thus apparently two conflicting principles in plant-
breeding. On the one hand, the breeder seeks to

e TN

Fig. 78. Individuality in cotton bolls. Smooth seeds above
and fuzzy ones below, from four bolls of one hybrid plant.

produce variations in order to get new types as the
foundations for improvement. On the other hand,
when such a variation from or improvement on the
normal type is secured, he then reverses the pro-
cess and tries to establish heredity and reduce the
amount of variation, so that the aphorism, “like
begets like,” will hold true.

In pedigree or grade breeding, and in breeding to
produce new varieties, the importance of hereditary
strength, prepotency or transmitting power, cannot
be overestimated, as it is only by rendering this
power very great that any new form can be brought
to what is called a fixed type.

Unity of individual.—The unity of the individual
is also an important factor in plant-breeding. If,
for instance, the breeder is attempting to produce
a seedless fruit, it is important that he discover
the tendency to seedlessness in the entire individual.
It would not be the correct policy for a breeder to
select simply a single fruit which might acciden-
tally be nearly seedless. He should examine a large
number of fruits of different individual plants, and
find a plant on which he can discover a general
tendency toward seedlessness showing in all of the
fruits produced. By selecting seed from such indi-
viduals, he may be able to find in time one such
individual that would transmit to its progeny this
tendency to produce few seeds.

While this is certainly generally true, there are
some instances in which divisions of the individual
are important. As an illustration may be mentioned
the case of hybrids between a smooth- and a fuzzy-
seeded cotton: when one is breeding to produce a
smooth, black seed, it may be desirable to select a
part of an individual. In this case the writer has
found that very frequently a cotton hybrid of the
above parentage will produce bolls that vary greatly
in the amount of fuzziness on the seed, and that this
variation does not seem to be limited to any part of
the plant in particular, but seems to be a variation
in certain branches or bolls (Fig. 78), and is thus a

sort of bud variation. The writer's experiments
have shown that by taking seed from certain bolls
in which the seeds are nearly smooth and black, a
much larger number of plants is produced the
next year with smooth black seceds than are pro-
duced when bolls are selected in which the seeds
have considerable fuzz, although the seed in both
cases were borne on the same plant. This illustra-
tion shows that in some instances it is desirable to
select a certain fraction or part of an individual
which shows more clearly the character desired.

Variations. —1It is well known that all plants
vary. Plants differ from each other just as do men.
Each plant has a facial expression, as it were, which
marks it as distinct from any other plant of the
same variety (Fig. 79). These slight fortuitous
or individual variations are of the greatest value
to the plant-breeder in connection with what may
be termed pedigree breeding. By these variations
alone, however, we would not expect to produce
strikingly new varieties.

A second type of variation which is of value to
the breeder is those known as “sports,” or muta-
tions (Fig. 80). These differ from individual vari-
ations only in degree. They are what may be termed
large-type variations, and ordinarily reproduce true
to seed. A very large number of our new races and
varieties of cultivated plants are the results of such
mutations or seedling sports. All vegetable-growers
know that far the larger number of their new varie-
ties are apparently produced suddenly. For instance,
Livingston, who has bred a great many new varie-
ties of the tomato, followed the practice of examin-
ing carefully his different plants for variations.
Occasionally some striking new type differing from
other varieties would be found. This was selected
and used as the foundation stock for a new variety.
Our good apples, pears, and peaches, have been found
in many cases in fencecorners, and new varie-
ties of wheat, cotton and other crops have resulted
very largely from thc selection of strikingly good
plants which, because of their superior quality,
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size, shape of leaves, and also in time of maturing.

have attracted the attention of growers, and have
been propagated. While many of these accidental
discoveries are doubtless of hybrid origin, still it is
probable that the majority are simply mutations or
sports.



SOME OF THE PRINCIPLES OF PLANT-BREEDING 59

The third type of variation which is of impor-
tance to the plant-breeder is that produced by
hybridization or crossing, and here we probably
have the most prolific source of variations, and,
therefore, the class of variation of the greatest
importance and most consequence to the breeder.
It has come to be an established policy to combine
the good qualities of two races into a single race
by hybridization and selection.

Influence of
It i8 a well-kn
environment ha:
fluence on the f
acter of the
plant. It is by
no means cer-
tain, however,
that these
changes are of
any value to
the plant-
breeder. It
seems certain
that those
changes which
are the conse-
quence of en-
vironment
Burely are not

ereditary. It
i8 a well-known fact that if climbing or twining
beans or viny cowpeas are transferred from a south-
ern to a northern climate or from a lower to a higher
altitude, they tend to produce a dwarfed type which
will not show the twining or viny habit in such
marked degree ; and in order to secure bush types
by selection, breeders have sometimes advocated
the transferring of types to more northern latitudes
or to higher altitudes, where the experiments may
be made under conditions that naturally lead to the
Eruduction of a lower bush type. It is doubtful,

owever, whether such a transfer would be of
material aid. While it is recognized that such
variations are produced as an influence of the
environment, it is also known that, on the whole,
thoee variations which are produced as an immedi-
ate influence of the environment are not hereditary.
Individual variations and mutations are of greatest
nse to the plant-breeder. Without question, if the
cowpea or bean were cultivated under southern
conditions it would show individual variations in
the degree in which it shows the climbing or twin-
ing habit. Even under southern conditions, certain
individuals would doubtless show more of the bush
type than others. It is believed by the writer that
a bush type can be secured just as quickly under
southern conditions by selecting from these lower
and more bushy plants as it can by the same
selection made in more northern localities or at
higher altitudes.

Location of breeding plots.

It is important to consider the conditions under
which the breeding patch or plat should be grown.
Some growers are inclined to locate their breeding

Fig. 80. Dwarf leaty s or mutation

of corn on left, which, when self-pol-

ted, reproduced original .
Mother parental types on right.

patches in the garden and give the plants the very
best possible care, thinking that this is the best
means of determining which plants are superior.
Animal-breeders also isolate their breeding stocks
and give them every possible care and advantage.
On the contrary, some plant-breeders assert that
it is best to have the breeding patch located on
soils which are most like those on which the gen-
eral crop is to be grown. The writer has given

- this matter considerable thought, and he is strongly

of the opinion that the most satisfactory method is
to cultivate the breeding patch under the same
conditions under which the ordinary crop is to be
grown. Plants are fixed in one place, and are
entirely dependent on the local soil conditions. If,
therefore, the plant has been bred and adapted to
one soil condition, it cannot be expected to give as
good results under different soil conditions. If a
variety is being bred for sterile soils, the selection
should be conducted on similarly sterile soil in
order to breed a race of individuals that are “gross
feeders,” as planters term it, and capable of deriv-
ing their nutriment from sterile soils and making
a sturdy growth even under adverse conditions.
If, for example, plants were being bred to adapt
them to alkaline conditions, the breeding patch
should not be placed in a sheltered, favored spot,
where the soil does not contain alkali. The plants
must be grown under alkaline conditions in order
to discover, as a result of natural selection, those
plants which do the best where the alkali is
present, and thus guide us in the selection. The
same would be true in breeding plants for arid
regions. The plants should be cultivated in the
arid region rather than in a moist region of heavy
rainfall, or in a thoroughly irrigated patch.

In urging that the breeding patch be placed on
the ondinary soils and cultivated under the condi-
tions to which the crop is to be subjected, it is not
intended to convey the idea that the breeding
patch should not be given careful cultivation.
Slipshod methods of cultivation should never re-
ceive encouragement. Thc breeding patch should
be given thoroughly good cultivation; and such
thoroughly good cultivation should also be used in
the field when the crop is grown on a more exten-
sive scale.

Necessity of a clearly defined ideal.

Careful breeders have found it very desirable
and necessary to have a clearly defined ideal type
which they are striving to produce. In the selec-
tions within the race it is necessary that the
breeder have clearly in mind all of the characters
of the race which he is breeding, and the writer
thinks that all breeders should be recommended
to draw up carefully a description of the type
which they are breeding and the objects which they
are attempting to obtain, otherwise it is difficult
properly to limit the selections. All breeders know
that in growing a large number of plants for
selection, different types that appear very promis-
ing are likely to crop out here and there. We
may be selecting for a certain type, and find in the
row of plants which we are examining an individual
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that differs somewhat in its character but which
seems to be of exceptional value. The temptation
under such circumstances is to take this new plant
and discard the old ideal. Many breeders have
found that by taking such selections they have
made serious mistakes, and lost the improvement
already secured. Whenever a plant of different
character springs up it is entirely an unknown
quantity, and it may not transmit the desired
characters ; and, even if it should, they are differ-
ent from the qualities of the ideal strain for which
the selection was first started.

Control of parentage.

In plant-breeding, as in animal-breeding, the
isolation of the parents is a very important con-
sideration. It is necessary that we should know
the character of both parents whenever this is
possible. In breeding plants more attention is
given ordinarily to the mother parent, and in very

fertilized seed; on right from inbred or self-fertilized seed.

many instances the characters of the father parent
are entirely neglected. Animal-breeders, on the
contrary, give more attention to the characters of
the male parent, and much improvement in ordi-
nary herds has been accomplished by the introduc-
tion of improved blood through the male. In plant-
breeding, it is desirable that the seed of the select
individuals be planted in a field by themselves.
This insures that only progeny of carefully s¢lected
plants will be planted near together, and thus no
ordinary stock will enter as a contamination. One
can be certain that each plant of the progeny is
fertilized with pollen from another similarly good
plant, or at least from a plant derived from good
parentage. One difficulty, however, has been ex-
perienced by plant-breeders in planting continu-
ously their selected stock in such isolated plots. If
this method is continued year after year, it results
in fairly close inbreeding, which in the case of
plants frequently results in loss of vitality and
vigor. In animal-breeding it is apparently the
case that ordinarily there is no noticeable effect
from close inbreeding, and many of the most famous
animals have been produced as a result of the
closest in-and-inbreeding. In plants, however, it is
possible to secure much closer inbreeding than in
the case of animals, as in many cases a plant can
be fertilized with its own pollen.

Within recent years much activity has been
shown in the careful breeding and improvement of
corn. The corn plant has been shown, as a result
of experiments made by various investigators, as,
for example, by the Illinois Experiment Station and
the United States Department of Agriculture, to
lose vitality very rapidly when self - fertilized.
(Fig. 81.) Within three or four generations, by

the most careful inbreeding, it is possible to reduce
corn to almost total sterility. The general practice
of corn-breeders who have been giving attention
to the production of pedigree strains, is to plant
the rows of corn from different select ears side b
side, giving a row to each select ear, and eaci
year selecting, from the progeny of those rows
which give the largest yield, plants to continue
further the selection. Planting these select ears
together every year, therefore, means that they are
more or less inbred, as the closest relatives are
planted together in the same row. While in follow-
ing this policy at first no effect was visible, corn-
breeders are now finding in some cases an appar-
ent decrease in yield, which scems to be traceable
to the effect of inbreeding. It seems necessary for
us, therefore, in corn and in other plants that are
affected by inbreeding, to use methods that will
avoid close inbreeding. The detrimental effect of
inbreeding is largely limited to those plants which
are normally cross-fertilized, this fact
being strikingly brought out in Dar-
win’s “Investigations on Cross- and
Self - fertilization in the Vegetable
Kingdom.” Tobacco, wheat, and some
other plants that are normally self-
fertilized do not show this decrease
in vigor as a result of inbreeding. In-
deed, in such plants cross-fertilization
ordinarily results in decreased vigor and should be
avoided.

Principles of selection.

Selection is the principal factor of breeding,
both in the improvement of races and in the pro-
duction of new races or varieties. The keynote of
selection is the choice of the best, and a factor of
the highest importance is the examination of very
large numbers in order to secure the maximum.
Galton, writing on this subject, says: “One gene-
ration of 99-degree selection is seen to be more
effective than two generations of the 90-degree
selection, and to have about equal effect with the
the 80-degree selection, carried on to perpetuity.
Two generations of the 99-degree selection are
more effective than four of the 95-degree, and than
the perpetuity of the 90-degree.” The use of de-
grees in representing the perfection in which a
character is shown may not be possible, but it is
possible for any breeder to examine large numbers
and to find one or two plants which produce in the
greatest degree the character desired. It is these
plants that should be preserved as mother plants
in starting the selection.

In the production of new races, it is of interest
to us to know whether by pure selection we can
lead plants to vary so greatly that they may be
considered to have passed beyond the bounds of
the race, and thereby the breeder to have estab-
lished a new and distinct race. It is certain, of
course, that, by careful observation and selection
from any particular race, ultimately a new race
may be produced. The question is whether the
individual or individuals selected in producing the
new race have not varied by mutatien or seed-
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sporting rather than being simply representative
of the cumulative result of the selection of slight
individual variations. The sugar-beet furnishes an
interesting illustration in this direction. It will be
remembered that Louis Vilmorin started the selec-
tion of sugar-beets for richness in sugar, between
1830 and 1840, selecting first by means of specitic
gravity, the method being to throw the beets into
solutions of brine strong enough so that the great
majority of them would float, the few which sank
being of greater specific gravity and presumably
of greater sugar content. Considerable improve-
ment was produced by this method. About 1851
the method of chemical analysis was introduced to
determine the exact sugar content. At this time
the sugar content was found to vary from 7 to 14
per cent, and in the second generation of selection
individuals with 21 per cent of sugar were found.
The selection based on sugar content, using the
beets highest insugar content as mothers, has been
continued regularly since that time, and the indus-
try has come to rely entirely on careful selection
for high sugar content. It would be expected that
under these conditions the sugar content would
have increased sufficiently so that the selected
plants could be considered a different race or
strain. Yet, after fifty years of selection, the
highest sugar content found is only about 26 per
cent, and this in a very few instances, seldom over
21 per cent being found. At the present time many
thousand analyses are made every year, so that
abundant opportunity is afforded to find individuals
producing a high sugar content. On the contrary,
when Vilmorin’s work was started the determina-
tion of sugar content was by very laborious meth-
ods, and was limited to comparatively few indi-
viduals. It is not improbable that if Vilmorin had
been able to make analyses of the sugar content in
many thousands of roots he would have found cer-
tain individuals producing as high as 26 per cent.
The inference from this illustration would be that
the limitations of the variation within the race
have not been surpassed as a result of selection. It
mﬁ be argued, however, that in this case we are
dealing with a physical impossiblity, as it is clearly
evident that it would be impossible for a plant to
Koduee a root containing a proportion of sugar

yond a certain percentage, and it is thus possi-
ble that 26 per cent, or thereabouts, represents the
maximum. :

It must be admitted that in many cases we have
an apparently cumulative effect of selection, and it
seems almost impossible to draw the line between
improvements created by continuous selection of
slight individual variations within the race or the
selection of those plants which are mutations. In
the case of the gooseberry, tomato and many other
planta, the fruits have been increased in size grad-
ually, until they are now four to eight times that
of the original wild fruits. Much of this increase
in size has of course been accompanied by hybridi-
zation between different wild species and different
races of the same species which have been mixed
together, yet it is a8 cumulative gain in size, as
none of the wild types ever produce fruits nearly

80 large as those of the cultivated races that have
been developed. Practically the entire development
of the tomato has taken place within the memory
of men now living, and in this case the develop-
ment has not been accompanied by hybridization
of different species but by the selection of different
races within the species and the hybridization of
these races. One of the experiments conducted by
DeVries with corn is of interest in this connection.
This experiment was undertaken for the purpose of
increasing the number of rows of kernels on the
ear. The corn used in the selection averaged
twelve rows at the time the selection began. After
seven generations of selections from ears which
bore the largest number of rows, the mean was
raised to twenty rows. In the first year of the selec-
tion the variation in number of rows ranged from
8 to 20. In the seventh generation of selection
the variation in number of rows ranged from 12 to
28. This shows clearly the increase in the number
of rows and the development of an apparently new
race by simple selection. However, when the selec-
tion was discontinued the improvement or new
character was soon lost.

The majority of new races produced as a result
of selection are due, without much doubt, to the
choice of mother plants showing marked variations
which we would term mutations, and which are
referred to by gardeners ordinarily as sports.
In reviewing the history of cultivated varieties,
one is surprised at the large number of varieties,
which have had their origin in this way. Many of
our apple, pear and peach varieties are simply
accidental seedlings which have sprung up in fence-
corners or door-yards, and a number of our wheat,
tobacco and cotton varieties have been developed
by selection from certain individual plants that
have attracted attention because of the exhibition
of superior qualities. It is probable that a large
number of these accidental and selected varieties,
particularly in the case of apples and pears, are
really the results of accidental hybridization, and
the same may be true of many wheat, corn and
cotton varieties. Yet there are many cases in
which the mutations or extreme variations cannot
be traced back to hybridization. In the production
of the Cupid sweet-peas, for example, the first
small dwarf plant of this type was found growing
in 8 row of the Emily Henderson, which is one of
the normal climbing forms of the sweet-pea. At
that time no other dwarf type of the sweet-pea was
known, and this variation, therefore, cannot be
accounted for as due to hybridization with some
other dwarf form. It is impossible to account for
these striking variations which sometimes occur,
but it is important that all plant-breeders be on
the lookout for the occurence of new types and
variations of this sort.

The writer has been asked frequently whether
it is possible to select a plant so highly that
it will not revert to the original mother type.
Experience would indicate that when the mother
plant from which the selection is made is a true
mutation, like the sweet-pea mentioned above,
the type will maintain itself even after the
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selection has been discontinued, and indeed this
is practically the only real criterion as to whether
a new race has been produced. For example, in the
case of the corn mentioned above as selected by De
Vries, that in seven years had
been increased from 12 to 20 in
the number of rows to the ear,
DeVries found that it required
only about three years of cul-
tivation without selection to
fall again to the original aver-
age of 12 to 16 rows. In a
case like this it would seem,
therefore, that no distinctly
new character had been added
as a result of selection, but
that the average of the race
had been increased by the
continuous selection under
isolation, and that when the
different individuals were al-
lowed to breed together
freely, without selection, the
mean of the race, as a whole, was again quickly
reéstablished.
Systematic methods of selection, or pedigree breeding.
Two distinct methods of selection are in use,
which are termed (1) the nursery method, and (2)
the field method. The nursery method, which was
used first by Hallet about 1868, so far as the
writer is informed, consists in cultivating each
plant under the most favorable conditions possible
for its best development. By this method, with
wheat, for example, Hallet pursued the policy of
planting the individuals in squares a foot apart,
which would give the plant abundant opportunity

very fruitful.

Fig. 82. Centgeners of flax. Plats on right
bred for seed production, thus short and
Plats on left bred for fiber
production, thus tall and less fruitful.
(Notice difference in height is shown by
difference in height of man's hand.)

for stooling, and also enable the investigator to
distinguish clearly each individual plant. In more
recent years this method has been strikingly em-
phasized by the work of Professor Hays, at the
Minnesota Experiment Sta-
tion, who, at the same time,
has modified the principle
somewhat into his centgener
method (Fig. 82). In Profes-
sor Hays’ method, the progeny
of each plant, presumably
about one hundred individu-
als, are grown together in a
small plat or centgener, the
individuals being planted four
to six inches apart in the
case of wheat and small
ains.

The field method, which was
emphasized by Rimpau about
1867, and has been used by
many investigators, consists
in selecting from plants
grown under normal conditions. The argument for
this method is that the plant will show what it will
do and its true worth only when it is grown under
the method of ordinary field culture. Both of these
methods depend on progressive or cumulative selec-
tion, the building up and adding together of small
improvements.

Breeders who are conducting careful experi-
ments will find it necessary and desirable to use
what may be termed statistical methods of judging
their plants. While we are breeding possibly for
one primary improvement, as, for example, in-
creased yield, it is necessary, at the same time,
that we should keep the product up to the standard

Pig. 83. A score-card for cotton.
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in other characteristics, namely, quality, disease-.

resistance, drought-resistance and the like, and
that we see that all of the good qualities of the
variety are retained. To do this properly necessi-
tates the use of a score-card, on which each char-
acter of the plant which is im-
portant is given its relative
weight or grade. By the use of
such a score-card the breeder can
judge each character separately,
and by the adding up of the scor-
ing get the rank of different
plants in a comparative way
(Fig. 83).

Test of transmilting power.

A factor of primary impor-
tance in all breeding work is the
testing of what is termed the
transmitting or centgener power.
It is necessary for us to know
that a certain plant, which, for
example, gives a heavy yield,
has the faculty of transmitting
this tendency of producing heavy
vield to its progeny (Fig. 84).
It is frequently found that two
select plants that are equally
good so far as their yield is con-
cerned will give progeny which,
as a whole, differ greatly in this
respect. In the progeny of one
almost every plant may have in-
herited the desired quality, while
in the progeny of the other only
a few of the plants may show in
any noticeable degree the inheri-
tance of the quality. To determine the prepotency
or transmitting power, it is necessary to grade
carefully the progeny of each individual ; and this
is the primary reason for planting the progeny of
ditferent individuals in separate rows or separate
glsau. 8o that they may be examined easily. (Fig.

.) It would seem to be an easy matter, when we
plant the progeny of different plants in rows or
small plats by themselves, to get the comparative
yield, for example, of 100 plants, and from this to
figure up the average percentage of the transmitting
or centgener power. This matter, however, is very
difficult in many cases. In corn, for example, cer-
tain individuals may stool and form suckers that
have fairly good-sized ears. If the corn is planted
thin enough on the ground these suckers will tend
to increase the yield, and render the proper judg-
ment of the transmitting power very difficult. It
would seem at first thought that such suckering, if
. it increased the yield, would be desirable, and
should be considered a favorable character in con-
nection with the individual. However, if the soil is
heavy enough to have allowed this suckering to
give increased yield, it would have been possible
on the same 8o0il to have placed the plants closer,
and, as seed i8 of little comparative value, it would
be beet to have a non-suckering type, and plant
the corn as closely as the soil would properly per-

Pig. 84,
A, Rewsult of breed-
‘;;:i from smallest
ns; average
head (after 4

years). B, result
of breeding from
the plumpest and
heavieat grains;
average head
(after 4 years).

mit. Again, it is almost impossible to get perfect
stands, and a change in the stand may affect the
yield. Very many difficulties and problems enter
into the figuring out of this transmitting power,
and it is obviously impossible to give directions
for all cases. The breeder must study conditions
and determine carefully what policy to pursue in
each case.

The use of hybridization in plant-breeding.

Ever since the time of Knight, hybridization has
been used extensively by plant-breeders, and it
seems that this is the only sure means of forcing
variations. Whenever it is possible to secure dis-
tinct species and races that can be hybridized, it is
possible greatly to increase the variation in differ-
ent directions, and thereby afford opportunity for
greater selection than would otherwise be possible.
Plant-breeders have come to understand that when
desirable characters are exhibited by different
species or races it is possible frequently, if not
usually, to unite these characters in a hybrid if
the work is done intelligently and on a large scale.
(The writer uses the term hybrid here in a general
sense, referring to any product of a cross when the
parents were noticeably distinct from each other,
whether the parents belong to different races, clons,
varieties or species. It may be stated that this
general or broad use of the term hybrid has become
almost universal in recent years.) When plants of
different races are crossed, as, for example, different
races of wheat, corn or cotton, the hybrid usually
comes nearly intermediate between the two parents
in the first generation. And this is the case also
when different fixed species are crossed. If, how-
ever, individuals belonging to unfixed races are
crossed, there is usually a considerable variation
in the first generation. This is well illustrated by
the crossing of different clons of apples, pears,
oranges, and the like, when the different so-called
varieties are simply transplanted parts of the same

Pig. 85. Planting individual grains of flax and other cereals
80 that the individual growths of the plant may be watched
and selection made from the very best. This machine
allows a man to know exactly at what depth each is
pl:nted. 80 that each grain has an equal chance with the
others.

individual seedling which have not