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[PuBLIc—No. 23.] 

AN ACT providing for the public printing and binding and distribution of public documents. 

* * * oa * * po 

Section 73, paragraph 2: 

The Annual Report of the Secretary of Agriculture shall hereafter be submitted 

and printed in two parts, as follows: Part one, which shall contain purely busi- 

ness and executive matter which it is necessary for the Secretary to submit to the 

President and Congress; part two, which shall contain such reports from the 

different bureaus and divisions, and such papers prepared by their special agents, 

accompanied by suitable illustrations, as shall, in the opinion of the Secretary, be 

specially suited to interest and instruct the farmers of the country, and to inciude 

a general report of the operations of the Department for their information. There 

shall be printed of part one, one thousand copies for the Senate, two thousand 

copies for the House, and three thousand copies for the Department of Agriculture; 

and of part two, one hundred and ten thousand copies for the use of the fenate, 

three hundred and sixty thousand copies for the use of the House of Representa- 

tives, and thirty thousand copies for the use of the Department of Agriculture, 
the illustrations for the same to be executed under the supervision of the Public 

Printer, in accordance with directions of the Joint Committee on Printing, said 

illustrations to be subject to the approval of the Secretary of Agriculture ; and 

the title of each of the said parts shall be such as to show that such part is com- 
plete in itself. 
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In presenting the Yearbook of the Department of Agriculture for 
1896 to farmers and others interested in the subject of agriculture, it 

is hoped that it may, in a measure at least, fulfill whatever expecta- 

tions have been aroused by the two preceding volumes. When the 

Annual Report of the United States Department of Agriculture first 
appeared in this form, the hope was expressed that future numbers 

of the book would still more fully justify the new departure. It is 
therefore hoped that no backward step is evidenced in the present 
volume and that the work may indicate a steady growth toward the 
ideal which has been continually in mind, but which is as yet so far 

short of attainment. 
The Yearbook is in many respects unique. A bound volume of 

over six hundred pages, published annually in an edition of 500,000 

copies, and for free distribution, there is not another publication like 
it. Its small beginning and enormous growth make its history an 
interesting one. The Agricultural Report, of which the Yearbook is 
the suecessor, was first published in a separate volume as Part II 
of the Annual Report of the Commissioner of Patents. The volume 
in its original form was made up almost wholly of business reports 

for the use of Congress, but when it began to be distributed to an 
increasing extent among farmers it became the custom to introduce 
into it, for the benefit of its rural readers, popular papers on agricul- 

ture or discussions of the results of scientific investigations. In 1849 
the agricultural part of the report had assumed such proportions as 

to be issued in a separate volume. Of this report in 1851, 110,000 
copies were ordered, 100,000 of which were distributed by Congress. 

After the Bureau became one of the eight Exeeutive Departments of 

the Government, in 18389, the editions of the report greatly increased 
with the growth of the population of the country and the development 

of its various agricultural interests, until now the Yearbook is pub- 
lished in annual editions of half a million copies. 

In its gradual development, and as the editions of the report in its 
old form grew still larger, the book was more and more regarded as a 
popular report, so that the business and executive matter was reduced 

to the smallest possible proportions. Finally, in 1895, Congress passed 
a law (an extract from which appears on the preceding page) requiring 
that future annual reports of the Department should be divided into 
two parts: (1) An executive and business report, containing ‘‘ purely 
business and executive matter which it is necessary for the Secretary 

to submit to the President and Congress,” and (2) a volume made up 
of papers ‘‘specially suited to interest and instruct the farmers of the 
country,” and to include also ‘‘a general report of the operations 
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of the Department for their information.” The executive report is 

published separately in the series of Messages and Documents, and 

the second part is published as the Yearbook of the Department of 

Agriculture. ; mer: 

Confining our attention now to the scope of this volume, it will be 

seen that the report of the Secretary of Agriculture to the President 

fulfills the requirement of the law for a general report on the opera- 
tions of the Department. The second portion of the volume is made 

up of a series of papers from the Department bureaus and divisions 

and from some of the experts of the agricultural experiment stations, 

discussing the results of their investigations in agricultural science 

or their trials in farm practice. With the object of making the book 
attractive as well as instructive, these papers are illustrated as fully 

as possible, and are presented in the form of popular essays rather 

than as scientific reports expressed in technical language. While no 
attempt at systematic treatment of points in agricultural science has 
been made, it is intended that the farmer who receives this volume 

and preserves it carefully with the volumes which have preceded and 
will follow it, will in the course of a few years accumulate a fairly 
complete and useful library of agricultural science and practice. <As 

ameans of perpetuating in convenient form the agricultural statisties 

collected by the Department, an Appendix occupies the concluding 

portion of the book, in which these statistics are condensed, together 

with much valuable material, in the form of recipes and directions, 

with regard to horticultural practice. It has been the purpose thus to 
make the Appendix a vade mecum for the farmer, and the series of 
Yearbooks, which are thoroughly indexed for this purpose, a refer- 

ence library of increasing value to the agriculturist. 

The undersigned has been assisted in the selection and editing 
of papers by many officers of the Department, but he is especially 

indebted to Mr. John Hyde, statistical expert of the Department, for 

careful and skillful assistance in selecting and revising manuscripts 
and illustrations submitted for the book. 

The experience gained in the preparation of this and the two pre- 
ceding volumes of the Yearbook leads to the suggestion here that a 

work of this scope, and published in such large editions, should have 

the attention of a board of editors with a corps of special writers. As 
a matter of fact, the material for this and the preceding books has 
been prepared by busy scientific workers in the intervals of other 
duties, and has received only such editorial revision as was possible 
for an executive officer and one assistant to give it. While the work 
still falls far short of the ideal set for it, it is hoped that it will be 
accepted by the farming public as the best that can be produced 
under present conditions, and the hope and belief are expressed that 
those who take up the work here laid down will be able to make it 
better with each succeeding number. 

CHARLES W. DABNEY, Jr., 

Assistant Secretary. 
WASHINGTON, D. C., February 1, 1897. 



CONTENTS. 

Page. 

emer tne scerctary. of Acricultares: s402 2.60 sclote ee oo eno neoes Saneee 9 

Extermination of Noxious Animals by Bounties. By T.S. Palmer_____-__- 55 

The Use of Steam Apparatus for Spraying. By L.O.Howard_-_____-_-__-- G69 

Influence of Environment in the Origination of Plant Varieties. By Her- 

RENE Odsal Eh he ie SE eno Soe od ele Se 89 

Potash and its Function in Agriculture. By H. W. Wiley_-......---.------ 107 
Some Common Poisonous Plants. By V.K.Chesnut_........__....--_---- 187 

Timothy in the Prairie Region. By Thomas A. Williams.__._____._____.- 147 

The Country Slaughterhouse as a Factor in the Spread of Disease. By Ch. 
I DP ee ak eS nM ee gh Be cae st wie Be 155 

Irrigation on the Great Plains. By Frederick H. Newell........_....__._- 167 

Mie pine day and its Food. By I’... L. Beal.<...-.......-....2....--2---- 197 
Seed Production and Seed Saving. By A.J. Pieters ___._.___..._2.2------ 207 

fnsece Conarol in California. By C.1L. Marlatt... o22c2.2.22. 2222 2.2-----5 217 

Diseases of Shade and Ornamental Trees. By B. T. Galloway and Albert F. 

Erneta Ne eh RR oes oh ee 237 
Some Modern Disinfectants. By E. A.de Schweinitz.__.__._._.....-------- 255 

Riesuiomor vy ecas. By Lyster H. Dewey..........2...2--4--2------scee 263 

Cowpeas (Vigna catjang). By Jared G.Smith._____..-._._-._-_-_-_--_-_.-_-- 287 
The Improvement of our Native Fruits. By L.H.Bailey__.._._..._.._____- 297 

The Superior Value of Large, Heavy Seed. By Gilbert H. Hicks and John 

Erne sie hg ee a Rae ls oe et ek ee 305 

Tree Planting in Waste Places on the Farm. By Charles A. Keffer_____._- 323 
fee ecparaeus Beetles. By F.H. Chittenden .__......._...-.....--1-.--.. 841 

The Feeding Value of Corn Stover. By J.B. Lindsey...._.........-.-- 2. 3538 

Agricultural Education and Research in Belgium. By A.C. True____.___- 361 

Olive Culture in the United States. By Newton B. Pierce__..._...__-__--- 371 

Seeeeeen Of yy ood. « By Filbert Roth--_-___.. 2b ee ee ee een nan 391 
aubrosia Beetles. By Henry G. Hubbard_________.--........--L--.2----- 421 

emery wtonsis, By ROA. Pearson....02 22.52... 2. nen lene nue 431 
Some Standard Varieties of Chickens. By George E. Howard..-.......---- 445 
Methods of Propagating the Orange and other Citrus Fruits. By Herbert 
a he FE SSS TES ae pe eh A Oe ATL 

Improvements in Wheat Culture. By Mark Alfred Carleton.._......----- 489 
Pruning and Training of Grapes. By E.G. Lodeman___..__._._.__.._--- 499 

An Ideal Department of Agriculture and Industries. By E. Tisserand_---- 543 

APPENDIX. 

Organization of the Department of Agriculture, December 31, 1896___-._-- 555 

Ester 2 SSE ORO a ae re A Se oS een os ee 558 
Statistics of the principal crops and farm animals ._..._..........-------- 559 

D1aGram 1.—Production and exports of corn, 1871 to 1896 (bushels)--_ 560 

DIAGRAM 2.—Production and exports of wheat, i871 to 1896 (bushels)-_ 562 

DIAGRAM 3.—Production and exports of oats, 1871 to 1896 (bushels)--.. 564 

5 



6 CONTENTS. 

Statistics of the principal crops and farm animals—Continued. 

DIAGRAM 4.—Production, exports,and imports of barley, 1871 to 1896 

(bushels) _.--_.-//-2----=--=-s-<90--=5----65-= "===" 99 

DraGRAM 5,—Cotton in the United States, production and exports, 1886 

BOGS ee cane ead oo ol ue ie Seer ae Se oe 

DIAGRAM 6.—Production, exports, and value of cotton, 1791 to 1896 ___. 

DIAGRAM 7 7.—Production, exports, and imports of tobacco, 1871 to 1895 

(pounds) -..--------------------------+------------ 22552-25222 2 

Exports and imports of agricultur al products .. 2.223. je 

Statistics of fruit and vegetable canning in the United States__.__._. ..-__- 

Average price and consumption of sugar---------------------------------- 

ea, coffee, wines, efe ____-:..--.--.------+----=+------- --§+---- s2= see 

Total values of exports of domestic merchandise for the years 1890 to 1896 _ 

Exports of raw cotton from the United States for the years 1890 to 1896___- 

Production of certain fruits and nuts, mostly semitropic, in the United 

States in 1889, and the quantities and values imported from 1891 to 1896, 

AM CLUSIVO 2 La SS2E ook oe ye nse ce ee eee ee eS eee eee ee en 

Brerett raves (Diagram $8)... ..<- 22 ise. seo see ee 
- Value of farms and of mortgages on farms (Diagram 9) -__.._.-.---------- 

wien Weather ‘Bureau... 2.2 22,2) 22 ee ee ee 

Texture of some typical soils:.c 2. =e eee ee ee 

Educational institutions in the United States having courses in agriculture_ 

Agricultural experiment stations in the United States, their location, direct- 

orsand ‘principal lines of work °_l2. 22.0002-. 23-2... 2822.2 

Heedine stuffs (for animals) .-.--.-.-2..282. 62 se2.2- 565. 542522228 

Fertilizing constituents of feeding stuffs and farm products ___._....--_.-- 

Fertilizing constituents contained in a crop of cotton yielding 100 pounds 

Of Dnt per acre. -:<0 5232 Scone le ee bee eee eee 
Analyses‘ottertilivers:. =o: et tote oo eS Le ee eee 

arn yar yamere a el 8 SS See ON Le Boerne 

Methods'of controlling injurious insects_.--.--...:.l.2..._....... 

Preparation and usd of -msecticides _--_....) 2.2)... ALL See _ 

A cheap orchard-spraying outfit 

pHed stamdards:: 20-22! s..c lel eo ee eee 

Treatment for fungous diseases of plants—formulas for fungicides 

Erroneous ideas concerning hawks and owls 

eimber—lum ber—wood ...-...2-.....cs.2.. 222 = eee 

Distance table for tree planting 
derivation 25: Ses 82s. sterile SE See 

Number, weight, cost of grass seeds, and amount to sow per acre 
‘The metric pysteme: 2-2 2 ee eee 

Notes regarding Department publications _______.___.____._-..._.._. gee 
Publications issued July 1, 1895, to December 31, 1896 _._____.____________- 
Appropriations for the U.S. Department of Agriculture for the fiscal years 

ending June 380, 1896 and 1897 



Senator J. S. Morrill and Hon. William H. Hatch 
PLATE 

Penis TRA TONS. 

ew YorkCity. F 
i ie 2 1.—Steam spraying apparatus used by tke department of public parks of 

ig. 2.—View (from opposite side) of steam spraying apparatus 

PLATES. 
Page. 

Frontispiece. 

used by the department of public parks of New York City, in operation. _--_--_ 84 
II. Steam spraying apparatus used in Prospect Park, Brooklyn, N. Y--.-----.-.---..- 86 
Miehecervow and windmill nsed in irrication...2-0 3 a 178 
IV. Wig. oe of applying water through furrows. Fig. 2.—Flooding a wheat ee 

Cs eae A eg RI ee Rie re el ne URES ele eye ena Settee name 92 
V. Method of operating tents in the hydrocyanic acid gas treatment--__-...-_-______- 228 
MaLsaaiside Ollye Calbure Tear Naples, Dtaly oo. - ono co oo wae Sop wee mcnccumeceeomcennenes 378 

TEXT FIGURES. 

Fia. Page. | Faq. Page. 

1. Hand apparatus used by J. W. Wollf- 22. Sea grape (Coccoloba wrifera), mari- 
skill at Los Angeles, Cal _--...--...- 70 time sand-dune form (Palmbeach, 

2. Side view of steam apparatus con- TED es ee PEE SUS GNP a Sh PERS ET Bs 100 
structed by Stephen Hoyt’s Sons, 23. Sea grape (Coccoloba uvifera), culti- 
New Canaan, Conn .-.........-.-.--- 71 aA SOC Nees: Soren. aaa ee a ae 100 

8. Perspective view of steam apparatus 24. Poison ivy (Rhus radicans) ......------ 139 
constructed by Stephen Hoyt’s 25. Poison oak (Rhus diversiloba)-_.---.--- 140 
Sons, New Canaan, Conn., in opera- 26. Poison sumac (Rhus vernix)_.----.---- 141 
cl eee 2s zoe yosae3 ore eee es 72 | 27. American water hemlock (Cicuta 

4. Right-hand side of steam _spraying : UGCULOTG) on eee ee eee 143 
machine constructed by W. R. Gun- 28. Death cup (Amanita phailoides) ._...-. 144 
Dasoamuero, Gal. 2. _—- __ 2-2 73 | 29. Timothy, showing the bulbous bases 

5. Left-hand side of steam spraying of the clustered stems in old plants 
machine constructed by W. R. Gun- grown:in) dry; hard-soil’.---.02_.--- 151 
nis, San Drego, Cal --....---.--..- .-- 74} 30. A timothy meadow at haying time in 

6. Details of steam spraying machine the Gallatin Valley, Montana-...-.-- 154 
constructed by Union Gas Engine 31. Diagram illustrating the relative lo- 
Company, San Francisco, Cal., on cationandextentofthe GreatPlains 168 
the lines of the Gunnis machine..._ 75 | 32. A homemade jumbo windmill----_--- 180 

7. Steam spraying machine used by T. 33. Bucket pump operated by windmill.. 182 
B. Wilson, Hall’s Corners, N. Y_---- 76 | 34. Centrifugal pump operated by horse 

8. Geared automatic sprayer_used by TRO WO: cet t cc crc eee Seere 87 OT Sa 183 
J.S. Lupton, Winchester, Va _...... 77 | 35. Section of reservoir bank showing 

9. Steam apparatus owned by the Farm- Glebe. Va a SO eee 189 
ington Forestry Club, Farmington, 36. Section of field and lateral ditch _-_-.- 190 
meme oo oes eee cee = | 37. Section of raised ditch._...._........- 190 

10. Steam spraying apparatus construct- 38. Sections and elevations of flumes_.-. 191 
ed by the city authorities of New 39. Combined wood and iron flume-.-.-.- 191 
eames Oni ---- 5 22-- 23-22-22 228 = +80) }, 40. The’common! blue jay 22272. 5 ee. 197 

11. Steam spraying machine constructed 41, Diagram showing the relative 
by the city authorities of Spring- amounts of vegetable and animal 
field, Mass -_--...-- Soe ebecowe tases sonoma E food eaten by the blue jay in each 

12. Near view of couplings and details of monthofithe year: 2. = 5-2. 199 
steam spraying apparatus con- 42. Diagram showing the relative 
structed by tho city authorities of amounts of grain and mast eaten by 
MeweHaven, Conn ---.-..2----- 2 2_ 82 the blue jay in each month of the 

13. Near viow of couplings and details of LST ne ee ede LA Bi 203 
steam spraying apparatus used in 43. Tomato flower (Lycopersicum: esculen- 
Prospect Park, Brooklyn, N. Y----- ede DEL TTE ee eo eee eA ee ane 209 

14. Steam spraying apparatus construct- 44. Tomato flower, longitudinal section._ 209 
ed by the Shade and Fruit Tree Pro- 45, Section of a portion of the stigma of 
tective Association of New York--- 84 cucumber (Cucumis sativus), show- 

15. Opposite side of steam ee appar ing agerminating pollen grain.--...- 210 
ratus constructed by the Shade and 46. Pod of the common bean (Phaseolus 
Fruit Tree Protective Association MEU IS) b= ota Se, eee eee 210 
Pee Orit ~~~ 2=- 2 --2c~ o-oo ----  §&5 | 47. Seed of the bean (Phaseolus vulgaris). 

16. Juniper, or red_cedar. pyramidal A dicotyledonous seed; one cotyle- 
form (Potomac Valley, Washington, don removed to show theplumule.. 210 
UU eg ee eee Seen 97 | 48. Bumblebee pollinating red clover..-- 211 

17. Juniper, or red cedar, barren soil form 49. Male flower of cucumber (Cucumis 
CLL Lu 70) a ne rr ee 97 sativus). One petal cut away to 

18 Bald cypress, swamp form, with aerat- show: thestamensd._.-__..--.. -2.-0-- 211 
ing Teots, or knees .....-----.-------- 98 | 50. Female flower of cucumber (Cucumis 

19. Bald cypress, pyramidal cultivated sativus). One petal cut away to 
Lou EY 28 2 ee ee 98 BitGay ne Rie Me eee: Soe cooee 211 

20. Aerating roots of swamp mangrove 51. Vedalia cardinalis (the imported lady- 
Laguncularia racemosa) ...--.------ 98 bird enemy of the white scale) ..... 222 

21. Common dandelion (Taraxacum ofici- 52. Rhizobius ventralis (the imported lady- 
1 a 99 bird enemy of the black scale) - ----- 228 



8 ILLUSTRATIONS. 

Fic Page. | Fic Page. 

3. Stag head soft maple -.....----------- 2A1 *| 111: “Pair of Black Jayvas)——-_---2s-2eeee - 452 

3 Trunk of maple showing spread of 112. Mottled Java hen-------- Bee eas a= 452 
funpous mycelium -2-- 2] --=-=---==-- 248 | 113. Pair of Light Brahmas. -------------- 453 

55. Root rotfungus(Polyporusversicolor) 251 | 114. Pair of Buff Cochins_--=)-3-23-seee 454 

56. Fungus causing red rot of oak-_-_----- 252 | 115. Pair of Black Langshans Bae eS = 455 
57. Nectria cinnabarina .----------=------ 253 | 116. Single-comb White Leghorn cock... 456 © 
58. Wick for formaldehyde lamp------- = a 117. Head of Single-comb Brown Leghorn i 
59. Orange hawkweed -------------------- 26: eM ------ ------ -----= ------ --=-55===- 
60. Gesce grass, showing rootstocks .... 264 | 118. Headof Single-comb Brown Leghern 

GiGannds thistloe ----------=--22=--2="-= 265 cock -----. eee poesia === 457 
2. Seed-throwing by plants------------- 266 | 119. Rose comb White Leghorn cockerel. 458 

63. Seeds carried by the wind------------ 267 | 120. Black Minorca cockerel ----.-..-- ee I 
G4. Winged pigweed, a typical tumble- 121. Pair of White-faced Black Spanish.. 460 

Wed da forms. 9-5-2 es 26 122. Pair of Silver-spangled Hamburgs.-. 461 
Bala nwibCh Tass -— =.= esc n es 269 | 123. Pair of Houdans ---.--..-.----_-25 =e 462 
66. Burs and seeds carried byanimais.._ 272 | 124. Silver Gray Dorking cock.---.------.- 463 
67."Roots and bulbs scattered by culti- 125. Blue Andalusian hen --.--..----.----- 464 

wating LOO. 2-s sot oe se 274 | 126. Citrus nursery at Eustis, Fla., show- 
68. Russian thistle: fruit and seed-_--.-- 276 ing method of arranging and stak- 
69. Wheat and its most common impuri- ing the trees —- == 2 ae eee 475 

LOS Soe = ea eae aoe ca ee eee eee 276 | 127. Sweet orange twigs ------------------ 478 
70. The oat and some of its common im- 128. Method of removing wax from bud- 

DUCES eee ee ee eee 2717 ding cloth=2-.-- = prereset =. = 479 
71. Clover seed and some of its impuri- 129. Shield, or eye, budding: method of 

(iG Sees ee Se ee eee 278 cutting bud from round twig, bud 
72. Map showing distribution of wild car- cut ready to insert, and face of bud 

rot, prickly lettuce,andchondrilla_ 280 showing the cut surface---_-..------ 480 
73. Map showing distribution of Canada 130. Shield, or eye, budding: incision on 

thistle, Russian thistle, and nut stock, incision with lower ends of 
Cit Cee eee ee oe eee 281 bark raised for inserting the bud, 

74. Development of soja bean from heavy bud partially inserted, bud inserted 
ANG ight SOC 2.6 as) aa ee eee 309 ready to wrap, and bud wrapped 

75. Soja bean, 12071 (heavy compared with waxed cloth:=--:-2..-25saeeee 481 
Rint seed) =e 310 | 131. Shield budding with angular wood.- 482 

76. Seedlings from heavyandlightseed_ 311 | 132. Treatment of buds__---..-------.----- 483 
77. Development of Extra Early Alaska 133. Diagrams illustrating methods of 

peas from heavy and light seed_-._ 313 lopping nursery trees -------------- 483 
78. Peas, Extra Early Alaska, from 134. Sprig budding 22. . 22. ---- eee 485 

heavy and light seed .----..----_--- 316 | 135. Cleft grafting .__- -... -.----==--sse=se= 485 
79. Beans, Extra Early Red Valentine, 136. Tongue, or whip, grafting------.----- 486 

11469, large compared with small 137. Crown grafting: ..-=-.-.25--S-seeeee 487 
S660! 2-22 os ae cta ce ee eee 317 | 138. Inarching __-. 2-2-2222 eee 485 

89. Root development of plants grown 139. Healthy and shriveled grains of Jones 
from heavy and light seed ._______- 318 Winter Fife wheat_........_-- joe pene Eaaee 

81. Early development of barley from 140. An Italian method of grapetraining. 500 
heavy and light seed ........-..--- - 019 | 141. Ideal vine, showing different meth- 

§2. Early development of radish from ods of cane renewal -.-- 28 seeeeeeee 501 
heavy as compared withlightseed_ 320 | 142. Vine trained on the Brocton high re- 

83. Early development of kafir corn from newal system, ready for pruning.. 592 
heavy and light seed ---.....-..--... 320 | 143. An upright system of grape training 

&4. Spray of asparagus, with common commonly seen in European vine- 
asparagus beetle in its different Wards: - 2.2... 2 eee 507 
SUAS CR aos eee ee ie ee 341 | 144. One-year-old rooted grape cutting.._ 509 

8&5. Crioceris asparagi; dark form and 145. Annually lengthening branch ----._- 512 
light form of beetle-.--.......-..-._ 342 | 145. Pruned vine trained on high renewal ; 

86. Criocerisasparagi: beetle egg, newly System 2s. --2s2hss ee eee 513 
hatched larva, full-grown larva, 147. The Chautauqua vine tie_._-._.-._--_ 517 
NG ED Dae ae on Pe ee aes 345 | 148. The continuous arbor system, un- 

Sie CGTULL AM ECUIOLG, Sn a nee 346 pruned vines ).22. c-2 eeeee 
88. Stiretrus anchorago_-_.---------------- 347 | 149. Thecontinuous arbor system, pruned 
89. Crioceris 12-punctata -_...----.------- 351 WINCS) 2 See ee es 520 
°0. Rocting the Mission olive by the _. | 150. Cross-wire system of grape training. 6521 

_Stoolsystem--_-----_---- ee 875 | 151. Overhead Kniffin, or Caywood, sys- 
$1. Young Mission olive, showing method tem of grape training -_-...-.-...-- 522 

of pruning) 222 =." 2. ee = 381 | 152. Unpruned vine trained on the over- 
92. Olive branches in fruit, showing a head _ Kniffin, or Caywood, system_ 525 

self-sterile and aself-fertile variety 3882 | 153. Pruned vino trained onthe overhead 
93. Hydraulic olive press -----------.-.-- 384 Kniffin, or Caywood, system_----.- 524 
94. The four fundamental forms cf re- 154. Unpruned vine trained according to 

_ _sistance. ---.-.-.-.------- g- 2S Sesccee - 395 the Hudson horizontal system__-_- 525 
95. Behavior of fibers in tension test... 396 155. Pruned vine trained according tothe 
96. Beginning of failure incompression_ 396 | Hudson horizontal system -________ 526 
Hieeby pleat hard wood ----- 92 ee 307 | 156. The Médoc espalier,or low horizontal, 
98. Typical conifer, drawn to same scale system of Bordeaux, France-_--...- 527 

pas Hard wood. 222 398 | 157. Pruned vine trained on the Kniffin 
99. Single cell test in bending : 399 | system =. 0=- 2-284 529 

100. Behavior of hard wood in bending.- 400 | 158. Grapery, with vines trained accord- 
101. Ambrosia of Xyleborus celsus -_..-___ 422 | ing to the short spur system_._-._- 534 
102. Ambrosia of Corthylus punctatissi- | 159. Grapery, with vines trained accord- 

MNVUS Sen ieee aS mane neces 423 | ing to the double spur system _.___ 536 
103. Xyleborus celsus,femaleand male____ 426 | 160. Branch and cane of vine shown in 
14. Xyleborus «xylographus, female and | fig. ASS [32-2 537 
LASTS Ge ee eee a eae 427 | 161. Horizontal arm spur system, illus- 

105. Gallery of Xyleborus pubescens in trating the parts of a vine _________ 540 
ORANG eee eee see ee ee 427 | 162. Unpruned vine trained according to 

106. Gallery of Xyleborus xylographus.... 428 the umbrella system, showing stem 
107. Gallery of Xyloterusretususin aspen. 429 renewal: 5 _ >t. 541 
108. Pair of Barred Plymouth Rocks. _-._ 449 | 163. Pruned vine trained according to the 
109. Silver-laced Wyandotte cockerel_-.. 450 umbrella system :...2229> 2 ae 541 
110. Siiver-laced Wyandotte pullet -..... 451 | 164. Orchard-spraying apparatus__..-_..- 623 



YEARBOOK 

OF THE 

U. 8. DEPARTMENT OF AGRICULTURE 

REPORT OF THE SECRETARY. 

Mr. PRESIDENT: 

The Secretary of Agriculture has the honor to submit his fourth 

annual report, covering the doings of the Department for the fiscal 

year ending June 30, 1896, together with some recommendations for 

the improvement of its work and the extension of its usefulness. 

APPROPRIATIONS AND EXPENDITURES—SAVINGS. 

From March 7, 1893, to October 1, 1896, the United States Depart- 

ment of Agriculture disbursed seven million three hundred and five 

thousand six hundred and thirty-seven dollars and ninety cents 

($7,305,637.90). Of this sum, eight hundred and sixty thousand and 
nineteen dollars and ninety-eight cents ($860,019.98) were paid from 
the appropriations for the fiscal year which ended June 30, 1893, and 

which aggregated two million five hundred and forty thousand and 

sixty dollars and seventy-two cents ($2,540,060.72). 

From this last sum were saved and covered back into the Treasury 

one hundred and eighty-four thousand six hundred and thirty dollars 

and forty-seven cents ($184,630.47). 

Of the 1894 appropriation—for the fiscal year ending June 30, 1894— 

which amounted to two million six hundred and three thousand five 

hundred dollars ($2,603,500), there were covered back into the Treas- 

ury six hundred and twenty-six thousand and thirty dollars and 

seventy-two cents ($626,030.72). 
From the money appropriated for the fiscal year 1895, amounting 

to two million four hundred and ninety-nine thousand and twenty- 

three dollars ($2,499,023), four hundred and eighty-six thousand dol- 

lars ($486,000') are unexpended. Thus, from the appropriations for 
three years there have been returned to the United States Treasury 

one million two hundred and ninety-six thousand six hundred and 

sixty-one dollars and nineteen cents ($1,296,661.19), and there will be 

1TIn round numbers; accounts not yet closed. 
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a remainder of four hundred and ninety thousand dollars ($490,0004) 

from the appropriation of two million five hundred and eighty-three 

thousand seven hundred and fifty dollars ($2,583,750) for the fiseal 

year ending June 30, 1896. There will also be covered into the 
Treasury about two hundred and eighty thousand dollars ($280,000") 

from the appropriation for the current fiscal year 1897, amounting to 

two million four hundred and forty-eight thousand five hundred and 

thirty-two dollars ($2,448,532). Thus there will have been covered 
back into the Treasury since March 7, 1893, two million sixty-six 

thousand six hundred and sixty-one dollars and nineteen cents 

($2,066,661.19) out of a total amount of eleven million one hundred 
and seventy-nine thousand four hundred and fifty-five dollars and 
forty-five cents {$11,179,455.45) on hand and appropriated. 

That these great economies have been effected without in any way 
marring the efficiency of the Department work or unduly limiting its 

scope is due in a very large degree to the application of civil-service 

rules both in letter and spirit. The wide extension of the civil-sery- 

ice classification under the law has been proved by experience to be 

not only a great help but absolutely indispensable to the maintenance 

of an economical and efficient administration of the publi service. 

CIVIL SERVICE IN THE DEPARTMENT. 

Since March 7, 1893, the classified service has been extended until 

it includes every important permanent position in the United States 

Department of Agriculture. - Reports from the chiefs of bureaus and 

divisions since this classification are unanimous in praising the 
enhanced value of the service rendered by their assistants and 

employees. In efficiency and economy the classification has very 

visibly improved the work. 

This Department has for its object the discovery, investigation, 

development, and utilization of the agricultural resources of the 

United States. Primarily it is a scientific or technical Department. 

Its most important agencies are its scientific bureaus, divisions, and 

surveys. There are two large bureaus and twenty-two divisions, 

offices, or surveys. Of these, seven are administrative, eight tech- 

nical, and seven are purely scientific. 

The Weather Bureau includes three business offices, six technical 
divisions, five scientific experts engaged in meteorological research, 
besides 154 observer stations and 52 signal stations along the coast 
and on the Great Lakes. 

The Bureau of Animal Industry includes two business offices, 152 
technical stations engaged in meat inspection and quarantine work, 
and three laboratories for investigating the diseases of animals and 
the causes thereof. 

‘In round numbers; accounts not yet closed. 
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Tt is thus obvious that there are a great number of positions in the 

Department in which ordinary clerical persons can rot be employed. 
There is hardly any work in the Department which can be efficiently 

earried on under the old spoils system of a quadrennial change in 

office. The functions of this Department have little or no relation to 

political policies or expedients. Its useful work should go ahead year 

after year systematically, and be modified only by the development of 

our agriculture and commerce. 
Holding these views, the Secretary has endeavored by every legiti- 

mate means to firmly establish the civil service of the Department 

upon a basis of solid usefulness. 

STATUS OF THE CLASSIFIED SERVICE. 

March 4, 1893, there were two thousand four hundred and ninety- 

seven (2,497) men and women upon the pay rolls of this Department. 

But on November 1, 1896, there were only two thousand two hundred 

and seventeen (2,217) on the rolls; that is—notwithstanding an in- 

creased amount of work—there had been a reduction in the force of 

two hundred and eighty (280). 
In the classified service March 4, 1893, there were 698. Of that 

number there were excepted from competitive examination 80, subject 

to noneompetitive examination 12, total 92; leaving subject to com- 

petitive examination 606. 

On November 1, 1896, there were in the classified service 1,658, 

excepted from competitive examination 1, leaving subject to competi- 

tive examination 1,657. Thus an increase of 1,051 persons subject to 

competitive examination has been made between March 4, 1893, and 

November 1, 1896. 

One of the first acts of the present Secretary made the position of 

appointment clerk of the Department subject to competitive examina- 

tion, bringing it within civil-service rules, and continued thereunder 

the present incumbent, who had been appointed by the last Adminis- 

tration. 
Other places were brought in as rapidly as possible. Now the clas- 

sified service includes all officers, clerks, and employees of the Depart- 

ment, including the Chief of the Bureau of Animal Industry, chiefs 

of divisions, superintendents, chiefs of offices, State statistical agents, 

experts; all superintendents of quarantine stations, inspectors, assist- 

ant inspectors, veterinary inspectors, microscopists, assistant micros- 

copists, meat taggers, stock examiners, and live-stock agents in the 

Bureau of Animal Industry; all professors, forecast officials, local 

foreeasters, observers, and all other officers and clerks in the Weather 

Bureau; all compositors, pressmen, folders, engineers, assistant 

engineers, firemen, messengers, assistant messengers, and watchmen; 

but no messenger, watchman, or other subordinate can be promoted 

to the grade of clerk except after passing an examination. 
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The only persons not in the classified service in the Department of 

Agriculture are the Secretary, Assistant Secretary, and Chief of the 

Weather Bureau. Those officers are appointed by the President of 

the United States. The private secretary to the Secretary of Agricul- 

ture is the only person excepted from examination by the civil-service 

rules. The remaining 556 persons on the rolls of the Department 

November 1, 1896, were laborers, workmen, charwomen, and others 

in a subordinate grade. A great proportion of these 556 are rain- 

fall and river observers in the Weather Bureau, at salaries ranging 

from $3 to $25 per month, and their employment is intermittent. 

Every person ranking as a skilled laborer and skilled workman is 

now included in the classified service in this Department. 

NEW APPOINTMENTS. 

There have been three scientific divisions established during the 

last four years. In that time seven vacancies have occurred by death 

and resignations among the chiefs of scientific divisions. How were 

these important positions filled? Notwithstanding the fact that none 

of these positions was at that time included in the classified service, 

those in the new divisions were filled by the appointment of skilled 

scientists who had served the Department under previous administra- 

tions. Five other vacancies were filled by promoting men in the same 

divisions. Only two were appointed from the outside. 

The President of the United States has made two appointments in 

the Department of Agriculture since 1893. The first was that of 
Assistant Secretary. The gentleman chosen for that position, Dr. 

Charles W. Dabney, jr., is a graduate in agricultural chemistry, and 
had been ten years director of agricultural experiment stations in this 
country and eight years president of the University of the State of 
Tennessee. He never sought the position. The position, however, 
sought him with great vigor, and at last he was persuaded to accept 
the same, and the manner in which he has efficiently discharged all 
the duties thereunto appertaining has given great satisfaction to the 
country. 

The present Chief of the Weather Bureau was appointed after an 
examination for promotion to a professorship in the Weather Bureau, 
and after that was called to his present position. He had served 
twenty years as a Weather Bureau observer, and was promoted to the 
professorship after a very severe competitive examination, followed 
by a practical test of skill in forecasting the weather, held under the 
supervision of a board made up of Professors Mendenhall and Har- 
rington, Maj. H. H. C. Dunwoody, of the United States Army, and 
the Assistant Secretary of Agriculture. 

After a service of about eighteen months the improvement in the 
forecasts of the Weather Bureau as to accuracy and utility demon- 
strates that the present chief is a very useful and efficient officer. 
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A thorough canvass of the Department shows that about 1,000 

persons out of the total of 2,217 employed are engaged upon purely 

technical or scientific work. An analysis of the last appropriation act 

shows that out of the $2,448,532 appropriated for the Department of 

Agriculture, over $1,700,000, or about 70 per cent, was appropriated 

for scientific or technical as distinguished from the administrative or 

general work. 
x 

DIRECTOR OF SCIENTIFIC WORK. 

There is one more step to be taken to complete the already nearly 

perfect system of civil service in this Department. Every chief of a 

bureau or division, except the Chief of the Weather Bureau, is now in 

the classified service. The Secretary and Assistant Secretary are 

appointed by the President. They therefore change with every in- 

coming Administration. There is, consequently, every four years a 

period of time when the Department is left without a single adminis- 

trative officer to hold this vast and useful system together. But 

there should be such an officer. Therefore, in this connection atten- 

tion is called to the communication sent to the Senate and House 

Committees on Agriculture, dated February 15, 1896, in which it is 

urged upon the legislative branch of the Government as a simple 

business proposition, needing no argument to support it, that this 

vastly important and comprehensive work, promoting, as it does, the 

development of almost every resource of our land and every industry 

of our people, our production at home and our markets abroad, and 

concerning even the food and health of a large part of our population, 

for which $1,750,000 is annually expended, and in which nearly a 
thousand scientific and technical experts are engaged, should have 

a permanent, broadly educated, and experienced scientific superin- 

tendent. 
No permanent and adequate direction and supervision is provided 

in the present organization of the Department. It is not to be sup- 

posed that the Secretary of Agriculture, a member of the President’s 

Cabinet, even if a farmer and an experienced executive, will necessarily 
be atechnically trained scientific man. Evenif he should be, he occu- 

pies the position only four years, and thus scarcely becomes familiar 

with the difficult and complex work of the Department before he leaves 
it. The Assistant Secretary of Agriculture is subject to the same con- 

ditions. Because he must represent the Secretary in the Administra- 
tion, he must go with the Administration. These conditions, which 

are necessary and inherent in our system of government, it is not 

proposed to change. <A Secretary and Assistant Secretary are both 

needed. But another permanent officer is needed to direct the work 

of the various scientific bureaus of the Department, under the gen- 
eral authority of the Secretary, and to give permanence to the policy 

of the Department. 
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NECESSITY OF SETTLED POLICY FOR SCIENTIFIC WORK. 

In order to accomplish the best and most permanent results, this 

Department must have a settled policy with regard to all its me 

work. This Department has less relation to the general executive 

business of the Government, and less connection with what is usually 

called politics, than any other Department of the Government. = 

fact, the scientific work of the great bureaus, divisions, and surveys, 

above referred to, should be kept free from polities to be efficient and 

impartial to the interests of all. The numerous bureaus and divisions 

do not have under the present organization, in fact can not have, the 

attention and direction which the interests involved demand. After 

a change of Administration the Department is practically headless, 

and to a great extent helpless, until the new Secretaries have had 

time to master the details of the technical work. Such a director of 

cientific divisions is needed therefore, if for nothing else, to carry 

on the scientific work of the Department from one Administration to 

the next. Is it conceivable that any great manufacturing, railroad, 

or mining company, undertaking such difficult scientifie work, and 

using so much money and so many men, would provide for it no perma- 

nent scientific direction or supervision whatever, and then change all 

the heads every four years, leaving the work practically at a standstill, 

or, Which is worse, entirely without direction or supervision, for six 

months toa year? The change of Administration affects the work of 

this Department even more than it does that of others, because its 

work is less of a routine character, is more progressive, changes more 

frequently, and thus requires constant direction to keep it usefully 
going. The bureaus and divisions of this Department can not do prae- 
tically the same thing year after year, as they do in the great business 
Departments of the Government, but must, if they serve the people 
properly, do a new and different thing almost every month in the year. 
They therefore need constant assistance and supervision much more 
than do the divisions of other Departments. 

NEED OF AN ADDITIONAL EXECUTIVE OFFICER. 

Aside from these special considerations with regard to the scientific 
work, the Department of Agriculture greatly needs another general 
executive officer. It has only two Secretaries authorized to take offi- 
cial action. There is no provision in the laws for any Officer of the 
Department to act in ease of the absence of the two Secretaries, as 
there is in some of the other Departments. Either the Secretary or 
the Assistant Secretary has to be present in the Department every 
day and every official hour during the year. 
The bureaus and divisions in Washington are, contrary to the pop- 

ular idea, much the smaller part of the Department of Agriculture. 
Outside of Washington there are 154 observing stations and 52 signal 
Stations of the Weather Bureau. ‘There are 152 ineat-inspection 

ei Bes. « 
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stations in 40 different cities and towns in the country; 21 different 

quarantine stations for import cattle at points on the coast, the Cana- 

dian and Mexican boundary; 9 different stations for inspecting export 

stock, and 19 for inspecting stock for Texas fever, making a total of 

nearly 200 stations in the Bureau of Animal Industry, which should 
have inspection and supervision occasionally by the highest authority 

of the Department. The agricultural experiment stations, located in 
different States and Territories, and several experiment stations of 

the Department of Agriculture must be inspected by this Department. 
In addition to these, the Department has many other agencies for 

studying soils, foods, and food dietaries, testing timbers, and collect- 

ing material illustrating our natural resources, scattered all over the 

country. The Secretaries or Director should be in position to visit 
and examine the work of the various agencies for the purpose of in- 
forming themselves as to their uses and needs. In view of the great 
amount of business done, and of the large number of branches of the 

Department scattered all over the country, another executive officer 
is greatly needed in order to permit a better distribution of work and 
a more regular and thorough supervision of the outlying branches of 

the Department. The new officer here asked for should therefore 
be authorized to act, when called upon by the Secretary, as a Second 
Assistant Secretary. 

Thesalary attached to the position should be sufficient to secure the 

services of a broadly educated scientific man, who has had the nec- 

essary experience in the administration of affairs and the direction of 
scientific work, and should be equal to that paid for similar services 
in other branches of the Government. 

These considerations were duly presented to the Senate Committee 
on Agriculture and Forestry, and the subject was held under advise- 

ment some time, with the result that Senate bill 3131, providing for 

carrying the suggestions into practical effect, was introduced, but it 

was too late for consideration during the last session of Congress. 

The report of the Senate committee recommending the passage of 
the bill was accompanied by the testimony of several distinguished 

scientific gentlemen who had appeared before the committee. It 
was also advocated in a great number of letters and memorials from 
institutions of learning and scientific men throughout the country. 

In view of the evident unanimity of the scientifie world in favor of 

the establishment of the office of ‘‘ Director in Charge of Scientific 

Bureaus and Investigations” for the Department of Agriculture, 
the estimates for the next fiscal year contain a recommendation for 
an appropriation for the salary of $6,000 per annum, to be paid to 

whomever may be selected for this position. 

INADEQUACY OF SALARIES OF HIGHER OFFICIALS. 

It is well to here reiterate the statement made in the report of the 
Secretary of Agriculture for 1895, that the salaries paid in this Depart- 

ment for ordinary clerical work are out of proportion to those paid 
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scientific experts who render the highest type of intellectual service. 

The chiefs of scientific bureaus and divisions and their skilled assist- 

ants do the actual thinking and reasoning for the development and 

elevation of agricultural science. These persons are not adequately 

compensated. Practical, scientific investigation of agricultural prob- 

lems is the primary function of this Department. The best ability 

and attainments can only be enlisted by the offer of sufficient salaries. 

And, in addition to compensation, laboratories, equipments, libraries, 

and clerical assistance must be generously furnished, in order to retain 

the highest character of skill and experience. 

The scientific organization of this Department has been formulated 

during the last sixor eight years. The average age of chiefs of scien- 

tific bureaus and divisions is 42 years and 3 months. The youngest 

chief is 29 years and the oldest 51 years of age. Among these heads 

of scientific divisions and bureaus the longest term of service is 13} 

years. The average age of assistant chiefs is 31 years and 4 months, 

the youngest being 28 and the oldest 35 years of age. The assistant 

chief longest in the service has been in the Department 5 years and 3 

months. Theaverage duration of service of the assistants is only 2 

years and 4 months. 

The foregoing shows that the Department of Agriculture is very 

generally officered by young men. ‘This is suggested, not as a disad- 

vantage at the present time, but because it is proved by the experi- 

ence of the past few years that these young gentlemen can not be 

retained by the Department at the present rate of compensation. 

The salary of a chief is now $2,500, and that of an assistant $1,800. 
These salaries are not adequate. It has therefore been recommended 

in the estimates for the next fiscal year that the salaries of chiefs of 

divisions be increased to $3,000, and those of assistant chiefs to $2,000. 

This recommendation is submitted in the interests of equity and in 
order to put chiefs of the Department upon an equality with scien- 

tific experts employed in other branches of the Government service. 

In the Coast Survey salaries of the principal scientific assistants 

range from $3,000 to $4,000. Geologists and chiefs of scientific 

divisions in the Geological Survey receive from $2,700 to $4,000. 

In this Department there is also precedent in the salaries paid 

professors of meteorology in the Weather Bureau and in the compen- 

sation of Director of the Office of Experiment Stations, already 
fixed at $3,000 per annum. These salaries may be fairly compared 

with those paid scientific professors in the universities, colleges, and 

other institutions of learning in the United States. Inquiry shows 
that the salaries of heads of scientific departments in universities and 

colleges in the Eastern States range from $3,000 to $5,000, while in 
those institutions in the great populational centers, where the cost of 

living is enhanced, far iarger sums are paid per annum. 

Salaries paid directors of experiment stations in the various States 

—— 
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show shat these officials are paid in the Eastern and Middle States an 

average salary of $2,930. Thesame officersin the South Atlantic States 
average $2,800 per annum. In the Central Western States they are 

paid $2,550, and in the Rocky Mountain and Pacific States a little 

more than $3,100, and living expenses in all of the localities referred 

to are probably much lower than in Washington. 

VALUABLE SERVICES LOST TO THE DEPARTMENT. 

On account of the low salaries paid for scientific and skilled services, 

the Department is constantly losing some of its ablest and best work- 

ers. The universities, colleges, and experiment stations, paying bet- 

ter salaries and offering equal opportunities for useful work and the 

acquirement of national reputation, are frequently taking the best 

men. Thirty-two leading scientific experts have left the Depart- 

ment during the last few years to take positions in other institutions, 

at a rate of remuneration averaging fully 50 per cent more than they 

received from the Government of the United States. Quite a number 

of scientists who received under the Government from $1,000 to $1,200 

per annum only have gone to the service of colleges, universities, 

and private institutions of learning and corporations at salaries rang- 

ing from $2,000 to $3,000 per annum, with possibilities of still greater 

compensation. 

It is evident from the foregoing that the Department can not retain 

its needed share of learned and experienced experts unless it pays 

salaries equal to those given for similar services in the educational 

and commercial corporations of the country. 

INSPECTION OF ANIMALS INTENDED FOR FOOD. 

The Bureau of Animal Industry must continue to increase the 

number of its force in all of the great cattle and swine centers of 

the United States, if efficiency is attained and maintained. The 
ante-mortem and post-mortem inspection of animals intended for 

food involves great labor and skill. The inspectors and assistant 
inspectors, whose duty it is to look after and report upon these 

eases, are in the classified civil service. No man can be examined 

by the United States Civil Service Commission for either inspector 

or assistant inspector who does not—as a condition precedent to such 

an examination—first exhibit his diploma from some reputable vet- 

erinary college. 

Of the fifty-one (51) in the performance of this particular character 

of inspection in the year 1895, fourteen (14) only had passed the 
examination, while of the seventy-seven (77) now employed, forty-six 

(46) have been taken from the eligible list of the Civil Service Com- 
mission. This shows the steady growth of a legitimate and purely 

nonpartisan service in this important Bureau. 

12 A96 2 
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Table showing total number of employees engaged in meat inspection only on the 

30th of June of each year and the number of these who were appointed upon 

certification by the Civil Service Commission. 

Inspectors and |stock examiners assistant in- Clerks. 
spectors. eee ’ Assist- 

Mieros- | ant mi- | Labor- Total 

Year. Civil- Civil- Civil- | copists. cron ers. : 
service | ,, service service pists, Total. appoint- Total. appoint- Total. appoint- 

ments. ments. ments. 

1B9S ee =o | ioe tere es | 5 Ls Mg eeeegee = 5c Nl eee ee ae z 143 30 375 

ct: times Se aes Bo tiene ees ry epee 9 177 al 418 
1894 _..... rE) Nise Ee Sey 109 een ete ee 7 171 16 439 

1895 51 14 BO Nasa c amen a bP a =e 5 195 32 527 

ie eee 17 46 287 76 17 4 4 183 ll 579 

INCREASED EFFICIENCY DUE TO CIVIL SERVICE. 

The effect of placing the force of the Bureau of Animal Industry 

within the classified service has been very marked in inereasing its 

efficiency and improving its discipline. This is particularly apparent 

with the employees stationed at other cities than Washington. The 

decreased expense of the inspection work is largely due to this 

improvement in the force. Every person feels now that his standing, 

retention in the service, and chance of promotion depend upon the 

interest which he shows and the care and fidelity with which his 

duties are efficiently performed. 

On March 4, 1893, there were seven hundred and eighty-one (781) 

persons employed by this Bureau, but on November 1, 1896, there are 

only seven hundred and fifty-eight (758), notwithstanding the fact 
that the work has more than trebled. 

Sinee March 4, 1893, one hundred and fifty-eight (158) persons have 

been placed in this Bureau from the eligible lists of the United States 
Civil Service Commission. 

These facts demonstrate to the consumers of the meat products of 
the United States at home and abroad that there is a scientific and 
careful inspection made of all meats intended for interstate and for- 
eign commerce. The sanitary value of the system is beyond compu- 
tation. It protects health and life. Inspection will become so general 
and so perfect that not a single pound of unwholesome meat will find 
its way from the United States to foreign markets, nor will any be 
sold at home whieh does not carry certification of inspection. State 
and municipal authorities are becoming more alert in cooperating with 
the United States authorities in their attempt to prevent the sale in 
great cattle and swine slaughtering cities of the animals, carcasses, and 
meats which the inspectors of the Bureau of Animal Industry have 
rejected and thrown out of interstate and foreign trade. 

————, — 
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_ ANTH-MORTEM INSPECTION OF ANIMALS AT ABATTOIRS AND STOCK 

YARDS. 

Following is a statement of the ante-mortem work at the abattoirs 
and stock yards. The figures in the first column approximate the 
actual number of animals inspected for abattoirs having Government 
inspection, and include those inspected in the yards for such local 
abattoirs and those inspected at the abattoirs in cities where there is 

no yardinspection. The second column gives the additional number 

of inspections in the yards on animals not purchased for the official 

abattoirs in those cities, and does not represent the actual number 
inspected, for the reason that as the inspection is made at the scales 

and the animals may change hands several times, being weighed on 

each occasion, the same animal may pass the inspector more than once. 

The number of animals rejected as unfit for food may be ascertained 
by adding the number condemned at the abattoirs, both ante-mortem 

and post-mortem, and the number condemned post-mortem in the 
stock-yards inspection. 

Ante-mortem inspection. 

Number of inspections. Animals condemned. 

For official | For abat- 
¥ abattoirs toirs in 

Animals. in cities | other cities| mota; |Atabat-| In stock| moray 
where the | and miscel- : toirs. yards. ; 
inspection laneous 
was made. buyers. 

iUUD » ote 4, 050, 011 3,479,512 | 7,529, 523 233 | 22,123 | 22, 358 
(Me E Secs 4,710,190 1,608,094 | 6,318, 284 692 12,533 | 13,225 
Oe to ae 2138, 575 101, 271 314, 846 47 2, 790 2, 837 
UliD! os... 14, 301, 963 7, 452, 863 | 21, 754, 826 11, 889 39,092 | 50,981 

(sie | 0 ee 23, 275, 739 | 12, 641, 740 | 35, 917,479 12, 861 76,538 | 89,899 

Last year the number of animals inspected for abattoirs having offi- 

cial inspection was 18,785,000, and the total number of ante-mortem 

inspections made was 25,885,721. There has been an increase in the 
past year, therefore, in the number of animals inspected for abattoirs 
where inspection was maintained of 4,492,739, or nearly 24 per cent, 

which is due principally to the extension of the inspection to sheep, 
which had not before been possible. The increase in the total number 
of inspections is 12,031,758, or over 50 per cent. 

POST-MORTEM INSPECTION OF ANIMALS. 

Following is a table showing the number of animals inspected at 
time of slaughter and number of carcasses and parts condemned: 

Post-mortem inspection. 

Number of inspections. | Carcasses condemned. | Pants of 

On ani- carcasses 
. Stock- e 

Animals. At abat- | ™als con- At abat- d ey : 5 yards demned 
toirs. de mned Total. toirs. inspec- Total. ee a am 

yards. tion. toirs. 

lk 3, 985, 484 9, 977 3, 995, 461 4, 886 8, 871 8, 757 6, 798 
> aa 4, 629, 796 3, 546 4, 633, 342 2, 794 1,541 4,335 242 

Wares 2... -.-222_. 256, 905 931 257, 836 276 761 1, 037 33 
OS ee 14, 250, 191 28,028 | 14,278,219] 31,178| 15,011] 46,189 33, 930 

Motal......._.- 23, 122, 376 42,482 | 23,164,858 | 39,134 | 21,184 | 60,318 41, 003 
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Last year the number of post-mortem inspections reported was 

18,883,275. 

There were 13,289,680 quarters and pieces of beef, 328,589 carcasses 

of hogs, 151,959 sacks of pork, 3,516,896 carcasses of sheep, and 

183,685 carcasses of calves tagged or otherwise marked as inspected 

meat. Of these there were exported 1,030,334 quarters and 16,818 

smaller pieces of beef (equivalent te nearly 260,000 cattle), 349 car- 

easses of sheep, and 3,281 carcasses of hogs. 

The meat-inspection stamp was affixed to 3,697,7 01 packages of beef 

and 6,034,165 packages of hog products; 63,313 of the latter contained 

microscopically examined pork. There were issued 15,211 certificates 

of inspection for meat products, of which 3,481 were for microscop- 

ically examined pork. 

There were sealed 11,855 cars containing inspected meat in bulk for 

shipment to establishments having Government inspection and to 

other places. 

COST OF INSPECTION, TAGGING, ETC. 

The cost of this work was $341,456.25, or 0.95 cent for each ante- 

mortem inspection, and covers the expense of all subsequent work of 

post-mortem inspection, tagging, stamping, and issuance of certificates 

of inspection. In 1895 it was 1.1 cents, in 1894 it was 1} cents, and in 

1893 it was 4? cents. 

Table showing number of abattoirs and cities where inspection was maintained 

during the fiscal years given. 

Fiscal year. ofabat™ ee 

DUS ee ee aoe a eee ene nen en a eee 28 12 

TYE Sy te ek ot A ne Ee a eR eee ye a ee ee 37 16 

BUSSE ee ee ee a een aie ea ee ee 46 17 

TNE es a nr a a ee rare nee Ie ae 55 19 

TEs eee eee See BS ee se Ses See Beet Set Secas ee tar epee a eee eee 102 26 

MICROSCOPIC INSPECTION OF PORK—COST. 

The following table shows the exports of microscopically inspected 

pork, 1892-1896: 

f To countries To countries 
Fiscal year. requiring not requiring Total. 

inspection. inspection. 

Pounds. Pounds. Pounds. 

SL SO ee wc ta oad or ee es Se es 22, 025, 698 16, 127,176 38, 152, 874 

ESOS Sees ae ee oe en ee ee Ee eS Na te eee 8, 059, 758 12, 617, 652 20,677, 410 

ea a SS ee ee a PS 18, 845, 119 16, 592, 818 35, 437, 937 

OOS eee ee SE ee Se One ee 39, 355, 230 5, 739, 368 45, 094, 598 

SOG eee Sa ee PAN 5S acy RS ce Dov: RES 5 pelea yay 21, 497, 321 1, 403, 559 22, 900, 880 
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The exports for 1895 were unusually heavy, but if we compare 1896 

with other years it will be seen that this year’s shipments to coun- 

tries requiring the inspection were greater than in 1893 and 1894. 

The shipment of microscopically inspected pork to countries not 

requiring this inspection has been intentionally discouraged upon 
grounds of economy. 

There were 469,025 carcasses and 510,355 pieces examined, making 

a total of 979,580 specimens inspected by the microscopical force. 

Eleven thousand one hundred samples contained trichine. 

The cost of this inspection was $60,485.93, an average cost per 

specimen of 6.18 cents. 

Last year the number of specimens examined was 1,910,415 (almost 

double the number this year), and consequently the average cost was 

less, being 4.9 cents; in 1894 it was 6% cents, and in 1893 it was 8% 
cents. 

The cost of the microscopical inspection per pound of inspected 

meat exported was 0.264 cent; in 1895 it was 0.2 cent, and in 1894 

0.248 cent. 

Note.—The cost per pound, as given above, was obtained, as heretofore, by 

dividing the cost of the work during the year by the number of pounds exported. 

This method is objectionable, because the true average cost per pound can not 

be found by it, for the reason that the meat examined during one month may not be 

exported for several months. Toillustrate this point: During the first six months 

the cost was $19,848.92; pounds exported, 10,492,180; last six months, cost, $40,637.01; 

pounds exported, 12,408,700, making an average of 0.19 cent for the first period and 

0.33 cent for the last. From this it would seem that the meat examined during 
the latter part of the fiscal year was intended for shipment during the next year. 

INSPECTION OF VESSELS AND EXPORT ANIMALS. 

There were during the year 819 clearances of vessels carrying cattle 

and sheep. Allof these vessels were carefully inspected as to fittings, 

space, and other accommodations for live stock before a clearance 

would be authorized. The number of certificates of inspection of 

export animals issued was 1,393. 

Below is a statement showing the inspection of domestic cattle and 

sheep for export and the number exported for 1896 and previous 
years: 

Cattle. Sheep. 

Fiscal year. Saece Number |y7 per Number Plumber Number | Number 
i 5 re- t: d = : 2 re- ex- 
See. jected. | “8sed. ported. Hen. jected. | ported. 

 . Ss eee 815, 882 1,303 | 377,639 | 365,345 | 733,657 893 422, 003 

MEE 8. ca... 657, 756 1,060 | 324,339 | 324,299 | 704, 044 179 350, 808 

J. 725, 243 184 | 360,580 | 363,535 | 135,780 |.--------- 85, 809 

Lo. | 611, 542 on me OORNT Os]! sO 240s | ce |. cece dees ace case 
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During the year the number of Canadian cattle exported from 

American ports was 1,482; number of Canadian sheep, 10,512. Last 

year there were 1,834 cattle and 38,873 sheep from Canada. 

The percentage of loss in the shipments of cattle and sheep to Lon- 

don, Liverpool, and Glasgow, where inspectors of this Department are 

stationed, is about half that of last year. The number of cattle 

inspected after landing was 348,833; the number lost in transit was 

1,107, or 0.32 per cent, against 0.62 per cent last year and 0.37 per 

cent in 1894. The number of sheep inspected was 389,534, and 4,587 

were lost on the voyage, a percentage of 1.16, compared to 2.7 in 1895 

and 1.29 in 1894. 

The cost of the export inspection and the Texas-fever work, which 

includes the inspection of live stock imported from Mexico, was 

$107,273.07. Taking half of this sum as the amount chargeable 

against the inspection of animals for export, the cost of inspecting 

the 787,948 cattle and sheep exported would be $53,636.54, or 6.8 cents 

per head. Last year the average was 7.74 cents, and in 1894 it was 

10.75 cents per head. The number of individual inspections made 

on these animals was 1,549,539 in this country and 738,367 in Great 

Britain, 2a total of 2,287,906. This gives an average cost of 2.34 cents 

for each inspection, against 2.66 last year. 

SOUTHERN CATTLE INSPECTION. 

During the quarantine season, from February 15 to December 1, 1895, 
47,082 cars, containing 1,224,715 cattle, from the infected district were 
received and inspected at the quarantine pens in the various stock 
yards, and 45,390 cars were cleaned and disinfected under supervision 

of the inspectors. 
Orders issued by the Secretary of Agriculture modifying the regu- 

lations governing the importation of live stock admitted cattle from 

Mexico, after inspection, for immediate slaughter or for grazing below 

the quarantine line, subject to the regulations applying to the native 
cattle of the infected district. Under these orders there were 219,814 
Mexican cattle imported and inspected during the year. 

INSPECTION AND QUARANTINE OF IMPORTED ANIMALS. 

The number of animals imported and quarantined during the year 

was as follows: 

Quarantine station. Cattle. | Sheep. | Swine. 

beDona ss AN Gs 2! a eee ne ke ee , I ee 

Garhield Ny Omer ofa 2 ke ee soe A ee ns ee ge. 54 265 22 

nttaeuOrn WMasS eee. coc ty at) MEE a. od De pee 7 

Raat COD OT ON NEG! ee oo kee ey ae ae Cae eS are eS ee ee See ee 1 |...22. 2 eee 

NEDO WN IDOe. = =sa=-- soe & see eos Oe ele |. ee ee 

Sree ON ee oe ee ee een se ee ee OE Ae A Se eee 380 |..-2222.24|. 

POroataTOn i ViCh 8 Se PS ee ak) a IR ee eee 10 |.2-s2-2 23) 

MT boner oes ern ae een et ee nd oe 455 317° 30 

| 

| 
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There were also at the Garfield station 12 camels, 1 goat, and 1 deer, 

making a total of 816 imported animals held in quarantine for the 
prescribed period. 

The number of animals imported from Canada and inspected not 

subject to quarantine was 317,038 sheep, 216 swine, 151 cattle, and 2 

deer. There were also inspected 2,165 sheep, 42 hogs, and 3 goats 

imported from Mexico. 

For the purpose of comparison the following table is given: 

. Table showing the number of animals inspected for abattoirs having inspection. 

| 

Fiscal year. | Cattle. | Calves. Sheep. Hogs. Total. 

LS ce: cio nese Saree | Sass kes. (ESee gett cence |- sceee ace aee 83, 891 

UM le 3, 167, 009 59, 089 583,36) | 2222. oe ee 3, 809, 459 

UO)... tp 8, 922, 174 92, 947 SiO rol? |Beases ee eee 4, 885, 633 

‘UL 2.4222) ee eee 8, 862, 111 96,331 | 1,020, 764 7,964,850 | 12,944,056 

UN... Se eee ees 3,752,111 | 109,941 | 1,344,031 13,576,917 | 18,783, 000 

UN ce ccing SSA 4,050,011 | 213,575 | 4,710,190 14, 301,963 | 23,275,789 

— 

PRODUCER SHOULD PAY COST OF INSPECTION. 

In the interests of public health there should be Government inspec- 

tion of all animals intended for human food and of all meat products 

prepared for consumption in the United States and abroad. The pro- 

tection of the health of its citizens is an unquestioned function of 

Government. But when the assurance of such protection is given by 

aGovernment certificate to be placed upon the product of any slaugh- 

terhouse or butchering establishment, it enhances the value of that 

product by creating a demand for it which uninspected meat does not 

enjoy. Therefore the Government certificate of inspection declaring 

any meat or other food wholesome and edible enhances its value over 

that which is not certificated. For this enhancement, which the pro- 
ducer charges up to the consumer, the producer ought to pay. 

It is not the duty of the Government to maintain the Bureau of 

Animal Industry at great expense to all the people in a manner to 

give direct pecuniary benefits to only the few who produce and pre- 

pare meats for market. For this reason it is urged that the law rela- 

tive to meat inspection should be so amended as to have the work 

carried on carefully and efficiently by the agents of the Bureau of 

Animal Industry, and the cost of inspection assessed against all those 

whose meats and other animal products are inspected and stamped 

as wholesome. It is generally admitted that the market price of 

inspected meats runs from one-eighth of a cent to 1 cent per pound 

higher than that of meat of apparently the same quality which has 

not been inspected and certificated. This proves the value in public 

estimation of governmental supervision and inspection, and as the 

consumer gladly pays the enhanced price it is only fair that the pro- 

ducer should pay for the work which caused that price. The moment 
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the Government demands pay for its services from those to whom 

they are rendered meat inspection will become universal at the great 

slaughtering centers of the United States. 
Many of the larger proprietors and packers have signified their 

willingness to have their animals, meats, and meat products rigidly 

inspected and passed upon by Government agents at their own 

expense. They wisely say: ‘‘The consumer will pay for it at last.” 

From the foregoing it is reasonable to conclude that a properly 

drafted statute might make the Bureau of Animal Industry not only 

self-sustaining, but also a legitimate source of internal revenue, with- 

out doing injustice to either producers or consumers and without put- 

ting any appreciable burden upon either. 

THE CATTLE AND MEAT TRADE OF GREAT BRITAIN. 

The people of Great Britain consume annually about 109 pounds of 

meat for each person, and 75 per cent of that meat is produced in the 

United Kingdom. The remaining 25 per cent of the meat food of 

the United Kingdom isimported. During the fiscal year 1896, 120,000 

tons of live animals have been taken into the United Kingdom. In 

addition to that, there were imported 110,000 tons of fresh meat, either 

chilled or frozen. Besides the latter, 43,000 tons of salted meat were 

received by the English. During the same period of time the home 

product of meat was 827,000 tons. Thus the total consumption for 

the year in the United Kingdom was 1,100,000 tons. 

There is a constant increase of the live-stock trade with Great 

Britain. The English prefer the live animals rather than their ear- 

easses. The reason for this is found in the freight charges. Ships 

which have been fitted up for cattle, swine, and other animals can 

return with merchandise of all sorts for freights; but the refrigerated 

ships—those which take chilled and frozen beef to Europe—are not 

adjustable for other freights on the return voyage and have therefore 
to come home in ballast. The consequence is that the advantage of 
a lesser freight for chilled and frozen meat than for live cattle is 
more than overcome by the fact that there is frequently no opportunity 
for paying return cargoes. 

In addition to that, there is an insurmountable prejudice on the part 
of the British consumer against carcasses slaughtered in other coun- 
tries and shipped to England as chilled or frozen meats. The English- 
man prefers to see the animal alive and to have it slaughtered in 
England. 

The United Kingdom imported during the last year 31,000 tons of 
live mutton. During the same period frozen or chilled sheep careasses 
were taken amounting to 119,000 tons, salted mutton 24,000 tons, while 
there were produced 356,000 tons of mutton within the United King- 
dom, making a total production and consumption during the year in 
Grant Britain of 530,000 tons. 

Eee 

a 
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It will be observed that frozen-mutton shipments are far larger in 

proportion to the live-sheep shipments than the live-cattle are to the 

chilled-beef shipments. Nevertheless there is a distinct tendency 
toward increasing shipments of live sheep, notwithstanding the great 

distances of the chief centers of supply from the English market. 

The live meat arriving in the United Kingdom during the first six 

months of the year 1896 was supplied as follows: By the United States, 

75.10 per cent of the cattle and 45.26 per cent of the sheep; Canada, 

9.10 per cent of the cattle and 3.27 per cent of the sheep; Argentina, 

15.50 per cent of the cattle and 50.60 per cent of the sheep; while all 

other countries furnished 0.30 per cent of the cattle and 0.87 per 

cent of the sheep. 

During the same period of time, ending June 30, 1896, dead meat 

was supplied to the United Kingdom in the following proportions: 

The United States supplied 81.30 per cent of the beef and other coun- 

tries 18.70 per cent. Germany supplied 0.22 per cent of the mutton; 
Holland, 4.20 per cent; Argentina, 26.53 per cent; Australasia, 69 per 

cent, and other countries, 0.05 per cent. 

SHEEP AND CATTLE FROM ARGENTINA. 

Argentina, it will be noticed by the table of live animals, shipped a 
larger proportion of sheep than the United States, and at the same 

time the Argentine shipment of cattle exceeds that of Canada. Itisa 

thirty days’ voyage from Argentina to British ports. There is, there- 

fore, a considerable waste in weight, much loss of animals by death, 
and enhanced freight charges, but the British public demands live 
animals, and this demand overcomes the increased cost of freight and 
the consequent enhanced price to the consumer, which is willingly 
paid. A mutton careass killed in England brings about $4 more than 

the same quality of mutton which has been killed abroad and is 

taken into that market frozen. Shipments of live sheep from Argen- 

tina have been very satisfactory to English consumers. 

Cattle from Argentina are inferior to those from the United States. 
They are not as large, well graded, or as well fattened. There is, how- 

ever, a constant improvement in Argentinian herds, because they 
are steadily introducing the best thoroughbred bulls from England, 
France, and the United States. The breeds most sought for by 
Argentinian cattlemen are the French Durhams, English Shorthorns, 

the Hereford, and Scotch Aberdeen Angus. And while the stock 
growers of Argentina are thus improving their cattle they are not 
unmindful of their sheep flocks, but are constantly introducing 

among them Romney Marsh, Leicester, Oxford Downs, Shropshire, 

and Lincoln rams. 

WHOLESALE PRICES OF DRESSED MEATS IN LONDON. 

The following table (p. 26) shows the average wholesale prices of 
dressed meats at the London Central Meat Market during the years 

1895 and 1896, per 100 pounds. 
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Average wholesale prices of dressed meats at the London Central Meat Market, 
1895-96. 

[Per 100 pounds.] 

5.50 to 6.50 6.50 to 7.00 

3.00 to 3.25 4.75 to 5.00 

Frozen hind quarters_| 4.75 to 5.25 5.25 to 5.75 

Frozen fore quarters.| 4.00 to 4.25 3.50 to 4.00 

Beodacie | First Bese Sethe Nee dee ad ee Year 1895. 

—= 

Beef: | Dollars. Dollars. Dollars. Dellars. 

Scotch short sides-_------- 11.50 to 12.374 | 12.12 to13.12 | 12.12 to 13.50 12. 874 to 13. 6% 

Scotch long sides--------- | 10.50 toll.25 | 10.75 to11.25 | 11.37} to 12.25 11.50 to 12.124 

English prime------------ | 10.50 to11.25 | 10.50 tol1.00 | 10.50 to11.25 11.25 to 12.1% 

Cows and bulls --___------- 5.00 to 8.00 5.00 to 8.00 5.25 to 7.50 6.75 to 9.25 

American— 

Birkenhead killed-_---| 8.50 to 9.25 8.25 to 9.25 8.50 to 10.25 10.00 to 10.75 

Deptford killed------- 8.50 to 9.50 8.00 to 9.50 8.50 to 9.50 10.00 to 11.00 

Refrigerated hind 

Quarters = =e 9.00 to 10.00 9.50 to10.50 | 10.00 to11.00 10.75 to 12.124 

Refrigerated fore 

Quarters _-2==2- 325: 5.75 to 6.25 5.00 to 6.00 4.75 to 5.50 6.50 to 7.50 

Mercomtimnl 2. 5522 6.50 to 8.25 6.50 to 8.00 6.00 to 7.00 8.75 to 10.25 

Australian— 

Mutton: 

Scotch prime ----.-.------ 12.123 to 12.373 | 12.371 to 14.00 | 12.12) to 14.62} | 14.374 to 15.37} 

English prime--....------ 11.50 to 13.12} | 11.75 to 13.37} | 11.00 to 13.374 | 13.37} to 14.62 
HUW.OS seesaw an eee 8.25 to 10.00 8.25 to10.25 | 10.00 to 10.25 10.25 to 11.50_ 

Grerinan = <2 os- = seen 10:25 toll. 25 =| D075 “toiZ.bO) \-2-. => -oe nena 12.124 to 13.124 

New Zealand frozen ------ 6.25 to 7.75 5.50 to 6.75 6.00 to 7.25 7.90 to 7.75 

Australian frozen ...----- 4.50 to 5.00 4.25 to 4.50 5.00 to 5.76 5.50 to 6.00 

River Plate frozen---.--- 4.25 to 5.00 4.25 to 5.00 5.23 to 5.75 5.50 to 6.00 

Lamb: 

PM SlISh) es 22-5 oe see 18.25 to 22.00 | 16.50 to19.50 | 14.00 to 16.50 16. 624 to 19. 25 

New Zealand frozen------ 10.50 nn 374 | 8.75 to 10.00 9.00 to 9.50 8.50 to 10.00 

Veal: | ; 

edi gh) 222 2 Gas 5. eas ae 14.00 to 16.00 11.25 to013.75 | 10.75 to 13.26 12. 374 to 14. 25 

Pork: 

English small_-_____._.--.- 9.00 to 10.00 9.00 to 10.75 8.25 to 9.25 10.00 to 11.00 

English medium, large, 

and foreign sees 7.00 to 8.75 we to 8.50 | 7.00 to 7.7% 8.00 to 9.50 

THE HANDLING OF FROZEN MEATS. 

Each year there is visible improvement in the methods of defrost- 
ing meats in European markets. Frozen mutton from the antipodes 
and from Argentina reaches the retail butcher shop in better form and 

appearance than formerly. This great industry has been developed 
under adverse conditions to shippers, because of their inability to 
obtain fairly remunerative prices. First-class English butchers will 
not handle frozen meat atall in some of the larger cities. Itis, there- 
fore, relegated to small shops in cheap neighborhoods where low prices 

obtain. All efforts upon the part of shippers and sellers have failed 

to break down English prejudice against such meats. They do not, 

therefore, in the form of frozen mutton or frozen beef seriously com- 
pete with the live shipments of cattle from the United States. But 
they do really compete with cheese, bacon, and pork. 
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LIVE-SHEEP SHIPMENTS. 

The growth of the live-sheep shipments is interesting. The United 

Kingdom took during the year 1893, 62,682; in 1894, 484,597; in 1895, 

1,065,470, and during the first nine months of the year 1896, 614,855 

head. This slight falling off for the present year is owing to the com- 

pulsory slaughtering on landing and consequent impossibility of fat- 

tening the sheep on English pastures. In previous years foreign sheep 
were pastured in Great Britain, and, after being fitted for market, 

sold at top prices as English. 

The enormous imports of beef and mutton to the United Kingdom 

are an absolute necessity. Domestic production lacks that much of 

supplying the demand. The utmost capability of meat production 

has probably been reached in the United Kingdom, but the popula- 

tion continues to augment and the per capita consumption of meat 

increases with each year. Nevertheless, the imported animals and 

meats are looked upon with suspicion by the Government, with jeal- 

ousy by the farmers, and with mistrust by some of the consumers. 

From January 1 to September 30, 1896, Great Britain received a 

greater number of cattle than ever before taken in during a period of 

nine months. It even exceeded the number taken in during the same 

period of the year 1894. 

The business of supplying the English market with meats is full of 

risks and vicissitudes, and therefore requires large capital. This 

whole trade is concentrated at present in a very few hands. The 

number of shippers from the United States may be counted upon 

one’s fingers. During the first eight months of the year 1896 the 

business has been unsatisfactory and only barely remunerative. 

Prices have advanced considerably with the progress of the year, 

especially for top cattle of prime quality. 

Cattle were sent from the United States to Liverpool during the 

early autumn at $6.08 a head freight. Charges from the River Plate 

were $25.55 a head in the early part of the present year, but were 

reduced to $15.81, and even to as low a figure as $14.60, during the 

presentautumn. Lowering rates stimulated shipments. Great Brit- 

ain furnishes, as a rule, between the months of May and September 

enough native stock to lower prices of American and other imported 

eattle. 

Among the parliamentary enactments of 1896 was a bill for com- 

pelling the slaughter of all animals at the point of debarkation. This 

act, however, made no change in practice, as, under departmental 

orders, such slaughtering had been earried on for some years. 

QUALITY OF COMPETING CATTLE PRODUCTS. 

Cattle from the United States have for a long time been arriving at 

English ports in such perfect condition that there is neither need nor 

desire to further fatten them before killing. It is not the same with 
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Canadian cattle. Evidence from agents of the United States Depart- 

ment of Agriculture from Birkenhead, from Glasgow, and from Bris- 

tol is concurrent to the effect that the quality of animals from the 

United States is far superior to that of those received from Canada. 

At all the points named Canadian cattle have been found short in 

weight and poor in quality. The same fault is found with animals 

from South America. Corn-fed animals from the United States have, 

however, proved very superior and achieved some notable triumphs 

during the year. About one-third of the South American cattle 

shipped to London and Liverpool in 1896 from the River Plate were 

sold at from 5 cents to 6 cents per pound. 

These were mostly wild pampas cattle, which suffer very much on 

the voyage over the ocean, and do not begin to feed until half the dis- 

tance to Liverpool is covered. Nevertheless there are quite a number 

of River Plate cattle bred specially for British markets, and pastured 

and afterwards stall fed after the American method, and these are 

said to compare favorably with the cattle from the United States as 

to weight and quality. South America has shipped animals of such 

inferior quality at times as to have made great loss, and it is clearly 

proven that it pays to ship only the very best grades and quality of 

beef cattle to the United Kingdom. 

The present prospect for good prices for American beef in the 

English market is not encouraging. Supplies are abundant and low 

freights prevalent. Under these circumstances only moderate profits 

may be hoped for in the future, even if the English market retains 

a healthy tone and steady demand. 

The exclusion of United States and all other foreign cattle from 

the Continent forces practically all of the surplus of the United States 

into Great Britain and tends to keep prices down for the English 

consumer. 
During the last twelve months American cattle have uniformly 

arrived on the other side in good health and condition. Only forty 

or fifty head were condemned at Glasgow as suffering from Texas fever. 

It would perhaps be of advantage to American shippers to especially 

study the Glasgow market. In that city cattle from the United States 

compete with the very highest quality of British animals. During the 

year 1896 it has been admitted that American cattle have been the best 

of all those landed at that port. They arrived in good condition in 

winter as well as in summer, and their quality is admittedly very supe- 

rior. The Glasgow people seem to have a preference for animals shipped 

from Baltimore, which are mostly Shorthorn crosses, though in the 

autumn quite a large number of Polled Angus cattle arrive there. 
Light-weight, smooth-finished steers during the warm months of sum- 

mer will pay the shipper the best profits in the Glasgow market. It 

has been shown to the Department that the highest prices and the 

highest praises have been bestowed upon beef from the United States 
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in the Glasgow markets during the year 1896, but it must be admitted 

that those meats were sold as ‘‘ prime Scotch” or ‘‘ English ” joints. 

Prices of many American cattle are lowered because of the deep 
branding on their hides. It has been estimated that 10 per cent has 
been deducted from the value of some animals because of the brand- 

ing upon them, 

MEAT IMPORTED BY GREAT BRITAIN. 

The meat producers and packers of the United States can learn 

from the following tables the quantity of meat taken into the United 

Kingdom of Great Britain, and also the sum total of the aggregate 

which has gone from this country during the last four years and the 

three first quarters of the year 1896: 

Quantity of meat imported into the United Kingdom during the four years 

1892-1895, and nine months of 1896. 

[Figures given are for thousands, three ciphers (000) being omitted. ] 

1896 (9 Meat product. 1892. 1893. | 1894. | 1895. mos. ). 

Bacon: Cwt. Cut. Cut. Cwt. | Cwt. 

RRPMEMUMMEGOC States =.= 82265 2525 20, | ek ee 2,896 | 2,177 | 2,562 | 2,649 2,070 

Herman ReICOUNCIIOS.- 2. .--ce0c.---005----2occecesans 985 | 1,022 | 1,128 | 1,414 1,353 

2) PEPL. bo dye 2 See et eee = peat Ss 3,881 | 3,199 | 3,690 | 4,063 3, 423 
Beef: eee SS 

Salted— 

HERMMURBIGOG StabeS.— oo <o  eeene cnn= eee 267 188 235 212 180 

SeIetIRHNOT COUNUTIOS. = = 00s 8 tous e ccs oo 8 13 7 8 5 

Ly ee ee EN a ~e75| 201] 242] 220 185 

Fresh— ae 

NeMEEEEULDC OS LbOS. . 2260 2a cca dossaceecsaceesce 1,952 | 1,490 | 1,775 | 1,649 1, 548 

HMO COUNTIICS = 2-2 x22. Sece 5252s ccooes5se5 128 318 829 542 332 

3 Ee Oe 2,080 | 1,808 | 2,104} 2,191] 1,880 
Hams: cape 

METAL ECU SUALOS << << 32.0 ou netec tama cece oooee costs - ns 1,131 921 | 1,075 | 1,208 984 

From OLD SL Geop Tia at Tes eS a ee Rn 122 67 55 86 133 

LE SNPS Ror ae LS os a SS 1,253 988 | 1,180] 1,289 1,117 

Meat, unenumerated : 

Salted or fresh— 

URN ETIGOU  STALOS S55 etic foe oe Sos eee cess 21 22 34 37 42 

TrGMeenliGr COUNLIOS ~~ A565. 2-2... kee eee cn 130 156 156 200 165 

ald tate a lel So ie ee -4e1})178| 190] 237 207 

Preserved otherwise than by salting— 

JOA De 2 uch ee ee pera ae Sere li Seen ea ae 569 386 291 471 284 

Li So, os i aS oe Cee 2! Pees see Se 68 84 113 200 106 

(ddl [SOT TE eS hs ees ee ne ee eee 163 121 150 185 142 

0 IS Oe: oe Pome 800| 591| 554| 856 532 

Mutton, fresh: 2 

oo TENE SS 2 es eee See eee eee 165 197 200 167 122 

Joo. UR SE i a ie ee eae 977 | 1,187 | 1,440] 1,672 1,451 

Perret OERSGIT ht sc oe ts ee eo  e 471 516 586 715 608 

item GUHOY COUNLLICS.-...--.-2<-.- weve ses cbscdaw sence. 87 71 70 57 6 

Sa, Se eee ee 1,700 | 1,971 | 2,206 | 2,611] 2,187 
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Quantity of meat imported into the United Kingdom, etc,—Continued. 

Meat product. 1992. | 1893. | 1394, | 1895. ae 

Pork: 

Salted (not hams)— Cut. Cwt. | Cwt. | Cwt. | Cwt. 

From United States-.-__--.--.---------------------- 162 lil 150 123 99 

ip omiiotHel COMM NRCS heme ne ae oe eee 66 76 7 97 94 

Then Saas See eee ae Soo pose eso see 228 187 225 220 193 

Fresh— 

Mingnieoliand) . 2-52 hacen nee ae cane eae 92 120 134 249 148 

Birom iselovn) 2508. o2 see mee eee ee 23 25 31 27 17 

rom olnbericouubriese. -- 35 = ese en eee ee 17 37 16 12 

Mota S22: Rat eee. ee ene eee 132 182 181 288 167 

Rabbits : 

SOE Deak £22) eahek (rene eer tee SSI pe ree 89 83 86 86 48 

Brom other COUNtIICS: - ==> -o5e-56- nee aera enna ee 19 21 22 34 53 

Wifey rile ne | Ree See ae es ee 108 104 108 120 101 

LETS eens eee ee. Oe Se 10,608 | 9,409 | 10,720 | 12,005 | 9, 992 

Nore.— Cwt.=112 pounds. 

BRITISH IMPORTS OF LIVE ANIMALS. 

In connection with the foregoing, the appended table shows how 

many oxen, bulls, cows, and calves have been landed in Great Britain 

from foreign ports during the same period of time: 

Number of live animals (for food) imported into the United Kingdom in the years 
1893, 1894, 1895, and the first nine months of 1896, 

Animals. 1393, | 1894. | es es A 

Oxen and bulls: 

TORonec\ Ch yacht hen eee eS ae ee Ae eee. Sees 81, 232 80, 450 95, 747 71, 670 

romano mibed sot lesia. see se 2 elt owas ee eee 248,825 | 381,657 276, 307 808, 159 

Bromine Del COURIER tans 2 5-3 Ss seer 7, 006 9, 687 41, 283 56, 394 

Thy Airoivale seth ee ae ee 337,063 | 471,794 | 413,887 | 436, 228 

Cows: om 

Ur Ona Cand Cee Se ees ae a I en ee 1, 690 1, 868 234 1, 673 

Tdimoper tl Ubeuhrers MS) och tes ee ee eee ee ees 66 265 31 161 

Bram OPner COUntPIOS === 225... 252 ee 1, 152 1,380 1,615 1,069 

Mopieipest eels ees 2 Th.) othe Ne oe 2,908 | 3,513. 1,880 2, 908 
Calves: 

POMC ANA Cae 2 ose ee eRe ees bee eee 3 5 12 

HrOMOUNer COUNTIES ss one eat = ee ee ee 71 128 336 161 

PERS esa ae eae ee ren Nets ES le eM) a 74 133 348 162 

Wmentandrsullg 22s. 2558 Ser Re ee Uo eet 337,063 | 471,794 413, 337 436, 223 

CON iis SSR ee So es Pe ee ee eee on ee 2, 908 3,513 1, 880 2,903 

CEU OS bags ate ee a aE ne OC epg 2) Ree ie te Ree. 7 133 348 152 

talent ile aets 0) peri vet wel) aut Siall 340,045 | 475,440! 415,565 | 439,288 
BBee parca ps ee Sale Se a 8 Dee erie ere 9 62,682 | 484,597 | 1,065,470 614, 855 

RSirrinre ee ee ee ae ees reser pao whine, Sri P= Set oes 138 8 321 1 

ae 
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AMERICAN SHEEP IN ENGLAND. 

American sheep during the year 1896 have been landed in Liver- 

pool in greater numbers than during any preceding year. They have 

consisted largely of corn-fattened muttons, and nine-tenths have been 
of superior quality. 

The profitable market for mutton in England appears to have 

encouraged sheep growing and fattening in many of the Western 

States. Although prices fluctuate considerably, being regulated by 

the supply and prices of native English mutton, there is, as a rule, 

only a difference of about 5 cents per pound between the best English 

and the best United States mutton. This is not because of Eng- 

lish prejudice against the American article, but because many of the 

sheep from the United States, having been rapidly fattened on corn 

prior to shipment, show sometimes 80 per cent of their added weight 

to be tallow, while the flesh (Englishmen declare) is flavored by the 

corn feed. 

American yearlings and 2-year-olds command practically the same 

price as English sheep of the same age and quality, and have sold 

during the present year at from 14 to 16 cents per pound. 

It was, however, the misfortune of American shippers, notwith- 

standing the increased vigilance and rigor of the inspection of animals 

for export, to have landed during the year 1895-96 a few lots of sheep 

in Liverpool and London affected with the scab. It is quite possible 

that this disease was generated by infected ships upon which diseased 

sheep had been sent from Argentina and other countries, and then, 

without proper disinfection, had been put into the carrying trade 

between the United States and Europe. It is, however, believed that 

if sheep are wet and crowded during a voyage, scab may be generated 

by those conditions. 

The Glasgow market finds fault with American sheep, and also with 

Canadian, by declaring them too big and too fat. The Scotch want 

medium weights, and for them will pay high prices. Foreign markets 

demand some other breed of sheep for mutton than the Merino and its 

crosses, and those looking to profitable ventures in this line should 

secure the best mutton breeds of sheep, which, when they are landed in 

as good condition as American cattle, will soon have as high a repu- 
tation and bring as remunerative figures. 

IMPORTS OF HOG PRODUCTS. 

Great Britain continues the largest purchaser and importer of swine 
flesh and hog products in the world. 

In 1893 British consumers took from foreign countries 3,000,000 

hundredweight, over 3,500,000 hundredweight in 1894, more than 

4,000,000 hundredweight in 1895, and nearly 3,500,000 hundred- 

weight during the first nine months of 1896. This year will, there- 

fore, show a large increase in consumption. It is noticeable that 
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while there was an increase of 800,000 hundredweight in 1895 over 

1893 the value fell from $41,250,000 to $38,500,000. 

Shipments from the United States of these products are pretty 

steady and average 2,500,000 hundredweighta year. American pack- 

ers are not participating in the profits of the growth in consumption 

of swine flesh and hog products in Great Britain as much as they 

ought to, because they do not cure meats especially suited to the 

English demand. But their Danish and Canadian competitors are 
increasing their shipments into the United Kingdom every year. 

This is because the packers of Denmark and Canada are carefully 
catering to the taste of the English consumer. Eighty per cent of the 

entire Danish product finds market in England. The cost of swine 

at the packing houses in Denmark is given at 6 cents a pound live 

weight, with a dockage of 20 per cent on refuse, together with 28 

pounds of bone. The freight on the product to London is only $7.30 

per ton, and the price realized is about $11 per 100 pounds. 

Irish packers are more damaged by Danish competition than are 

those of the United States, and the great abattoirs of Ireland are 
advocating improvement in breed of swine for that country, and also 

in the methods of curing the meat for market. 

GROWTH OF DANISH PACKING BUSINESS. 

An indication of the growth of the Danish packing business and its 

possible effect upon competitors in the English market is submitted 

from the Ulster Curers’ Association, and reads as follows: 

Prior to 1886 the bacon-curing industry was practically unknown in Denmark. 

Since that time the Danes have not only learned the business of curing so as to 

please the most fastidious English markets, but have introduced from England 
and established a breed of pigs exactly suited to the wants of the curer in point of 

leanness, with the result that the feeder gets the utmost price possible from the 

curer, and his loss through raising overfat, unsuitable meat is reduced to an 

absolute minimum. In other words, rearing and feeding of pigs are conducted 

on scientific principles. Success has been achieved through the dissemination 

through the agricultural districts of Denmark of the knowledge of trained experts 
acting with State aid and under State supervision. 

Grants have been made by the Danish Government, through the Royal Danish 

Agricultural Society, for the purchase in England of swine of the best breeds 

and most suitable for crossing with the native stock for the production of pigs for 

curing purposes. The disbursement of the money granted has been in the hands 

of experts, who made frequent visits to England, purchasing stock from the best- 

known pedigree herds of the country. In addition to the money thus expended, 
the Danish Government adds subventions to railway and steamship companies, 
and supports experts qualified to instruct the bacon factors in the better prepara- 
tion of their product for the English market. 

LOW PRICE OF AMERICAN BACON IN ENGLAND. 

Our bacon sells for less money in the English market than that of 
any other country. The reason for this is found in its overfatness 
and saltness. When bacon prices are depressed, the lower grades are 

EEE 



REPORT OF THE SECRETARY. 3a 

proportionately more depressed than the higher. Therefore American 

bacon ranges from about 2 cents per pound wholesale below Con- 

tinental and Irish bacon and about 3 cents below English bacon. 

American bacon in the English market will bring a better price when 

it is prepared with a view of meeting the tastes and demands of Eng- 
lish people. But to-day American packers merely dump their over- 

flow product upon the English market for what it will bring, and 

leave the higher prices to English, Canadian, and Danish packers. 

American hams are held in higher estimation than bacon and hold 

their own in competition with all other countries, so that in quanti- 

ties shipped and in prices hams and pickled pork from the United 

States are equal to the same products from other countries. 

AMERICAN HORSES IN ENGLAND. 

In the year 1893 Great Britain took 13,707 American horses. In 1894 

the same purchaser received from the United States 22,866 horses, 

and in 1895, 34,092. But during the first nine months of the year 

1896 there had been shipped from the United States to England 34,642 

head of horses. Shipments by Canada have increased during thesame 

period of time in about the same proportion, while shipments from the 

Continent of Europe have fallen off materially; so that it may now 

safely be claimed that the United Kingdom looks to America for all 

the horse supply which she once purchased principally from Germany. 

American horses are now in steady demand for omnibus, street-rail- 

road, and cab services, and for the use of traders who keep drays, vans, 

and earts for the collection and delivery of goods. English breeders 

are turning their attention chiefly to hacks, hunters, and heavy draft 

horses. Large, compactly built, healthy draft horses are high in 

price, with a constant market. The demand for these animals is on 

account of the omnibuses, cabs, and trucks, and those from the United 

States are growing in favor. The strongest recommendation for 

American horses is their staying qualities—their powers of endurance. 

Horses suited to cab work bring from $55 to $100. <A better class of 
animals commands readily from $125 to $150, and the average price is 

not below or above those figures. 

Draft horses from the United States are in great demand and the 

trade in this style of animals may greatly develop, as the American 

draft horse is regarded as of better action and life than most of the 

native breeds. During the summer of 1896, in English markets, these 

animals have sold at $250 to $280 a head, but they were of first-class 

quality. The veterinary superintendent of the city of London com- 

mends the American stock of horses in that market very highly. All 

horses from the United States and Canada are inspected under the 

direction of the British Board of Agriculture upon their debarkation 

at any English port, and thus far during the year 1896 the sanitary 

condition of animals landed has been reported very good. 
12 A 96—-3 
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AMERICAN APPLES IN ENGLAND. 

The season begins in England for apples in August, when the 

- domestie crops come into the market. At this time the stores are full 

of other fruits, and apples are comparatively neglected and bring low 

prices. It sometimes happens that a very large crop in Spain and 

Portugal will result in limited shipments to England during August 

and September, but with this occasional exception the supplies are 

confined to the home product. The Spanish and Portuguese apples 
are of inferior quality, and bring only the moderate price of from $1 

to $1.75 per hundredweight of 112 pounds. The bulk of the English 

apples in average years would sell at about the same rate, superior 

kinds bringing much higher prices. In ordinary seasons English 

apples are to be seen in the English markets up to the end of January. 

In 1896, however, the crop was deficient both in quantity and quality, 

and was practically used up by the beginning of October. The mar- 

ket was thus left clear for United States and Canadian fruit, which 

is the chief, indeed practically the only, source of supply during the 

winter. As usually happens, our earlier shipments were not repre- 

sentative in quality, and brought low prices. 

Our packers send their fruit forward in barrels which net as a 

rule not quite 100 pounds. Our European agent has heard complaints 

that there is a tendency toward a decrease in the size of the barrels, 

and this is a mistake from a business point of view. The Canadian 

barrels weigh gross about 13 hundredweight (say 168 pounds) and 

net 150 to 140 pounds. When people see Canadian Baldwins quoted 

at $2.50 to $3.25 per barrel and United States Baldwins quoted at $2 to 
$3, they are apt to consider this evidence of superior quality and higher 
price for the Canadians. It is, however, merely the difference in the 
weight of the barrel. 

PREFERRED VARIETIES. 

The big bulk of the shipments consists of the Baldwins, Northern 

Spys, and Greenings. Our Baldwins are finer and larger than the 
Canadians, but they are not so hard and not such ‘“‘ good keepers.” 
They range as a rule from $2.50 to $3.50 for Canadian barrels, and $2 
to $2.75 for American. Itis not believed in England that these prices 
will be quite established during the winter of 1896-97 on account of 
the immense crop reported to have been gathered in the United States 
and Canada. 

The Greenings are not so attractive in appearance, but they have a 
firm hoid on the English market for cooking purposes, more especially 
in the north. Good, clear, unspotted Greenings bring in the ordinary 
season from $2.50 to $3.50 per Canadian barrel, an extra price being 
paid for large apples. Special importance is attached to size in the 
case of Greenings; buyers willingly pay enhanced prices for large 
specimens, as a rule cooking them in the form of dumplings. Small 
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Greenings would easily fall off a dollar a barrel in price, and thus 
render the shipment unremunerative. 
Northern Spys usually bring about the same prices as the Baldwins. 
Freights to London, Liverpool, Glasgow, or Bristol are approxi- 

mately $1 per barrel, and all charges, including auctioneer’s commis- 
sion, would be covered by 25 cents. All apples are sent on consign- 

ment to brokers who effect sales by auction. The business is cash 

on delivery, and if the auctioneer gives creditit is at his risk, and not 

at that of the seller. The Department representative in England is 

prepared to give inquirers the addresses of respectable consignees in 
the principal seaports of Great Britain. 

The Spitzenberg is a good, reliable apple, appreciated in the English 

market, and it brings about the same price as the Baidwin. Indeed, 

nearly all red-colored apples bring about the same prices. 

Russets are liked and sell at about the price of the Baldwin. Golden 

Russets, if carefully selected, would bring from 50 to 75 cents over the 
average. The tendency with Golden Russets arriving in England is, 

however, toward such a small size that they do not make over average 

prices. The Roxbury Russet is also a favorite. 

Applies of superior varieties, like Newtown or Albemarle pippins, 

and superior apples of ordinary varicties, may be depended upon to 

bring their value. Twenty-ounce Pippins, Cranberry Pippins, 
**Kings,” and Ribstones, for instance, of large size and good color, 

would range from $3.25 to $4.50 per Canadian barrel, when good 

Baldwins were selling for $2.50 to $3.25. 

SUGGESTIONS TO SHIPPERS. 

Any apple of good color and fair size will sell in England if sound, 

but the profit is made in sending something better than the average. 

It costs no more to send a fine barrel of apples across the Atlantic than 

to send a medium barrel, and the return is better. The utmost care 

should be taken in the selection of the fruit. ‘‘If you discard a shil- 

ling’s worth in packing, you may better your price 2 shillings,” is the 

saying of a London broker. The fruit should be so packed that it 

ean not shake together. It should arrive tight. If buyers find a bar- 

rel that rattles, it will reduce values from 25 to 50 cents, even though 

the contents be entirely uninjured. On the other hand, eare should 

be taken that the fruit be not pressed too tight, for if the top layer is 

bruised or unduly flattened it reduces the price from 50 cents to $1. 

A few consignments have reached England in boxes from time to 

time, but there is no apparent advantage in boxing, though Tasmanian 

apples are thus forwarded. In a good season ‘‘faney brands” of 

apples of exceptional quality and appearance might perhaps be 
advantageously shipped in small boxes, but the fruif must be very 

special or the enhanced cost of the small boxes is not recouped. 
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ECONOMICS FOR THE FARMER. 

Agricultural colleges and experiment stations are teaching the 

science of agriculture. But they are not generally teaching farm 

economics and the importance of markets. Science is constantly 

showing the farmer how to increase the annual product per acre in 

cereals and other staples, but the great question confronting each tiller 

of the soil is how to secure satisfactory remuneration for the results of 

his toil. In view of this, itis a legitimate function of the Department 

of Agriculture to place before the farmers of the United States as 

many facts and figures relative to markets as it is possible to obtain. 

WORK OF THE SECTION OF FOREIGN MARKETS. 

In furtherance of this design, the Section of Foreign Markets was 

organized on March 20, 1894, for the purpose of collecting and dis- 

seminating information caiculated to assist in securing a more extended 

market abroad for the agricultural products of the United States. 

The work of the section, with this cbject in view, is twofold in char- 

acter. It comprises not only the publication of a regular series of 

bulletins and cireulars, but also the furnishing of information in 

response to special inquiries. Eight bulletins relating to as many 

different countries, viz, the United Kingdom of Great Britain and 

Ireland, the German Empire, France, Canada, Netherlands, Belgium, 

Norway, and Sweden, have already been issued, and bulletins upon 

Denmark and Mexico are now in course of preparation. Each country 

is treated with a view to its possibilities as a customer of the United 
States. 

The natural resources of the country are described in some detail, 

and also the character and extent of the leading productive industries, 

but more especial attention is given to the subjeet of foreign com- 

merece. A detailed statement of the principal articles of merchandise 

imported and the various sources from which they are received is pre- 

sented, together with such information regarding customs duties and 
regulations, equivalents of foreign weights and measures, rates of 

exchange, et¢., as may be of service to American producers seeking a 
foreign market for their products. Appended to each bulletin is a 
series of reports received through the medium of the State Depart- 
ment from our consular representatives abroad. These consular 
reports are designed to set forth such opportunities as exist for 
increased trade with the United States, and they frequently contain 
information of great value to American exporters. 

In addition to the bulletins described, the Section of Foreign Mar- 
kets has thus far issued ten special circulars upon subjects affecting 
our foreign commerce. The statistical data presented in the bulletins 
and circulars of the section are derived as far as possible from the 
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official publications of the countries treated, and to render their sta- 

tistics more readily intelligible, foreign moneys, weights, and measures 

are converted into their equivalents in the denominations used in the 

United States. 
An important part of the work of the Section of Foreign Markets 

consists in supplying information in response to the many inquiries 

that are received relative to the extension of our foreign trade. 

These inquiries cover a wide range of investigation, and it frequently 

entails a large amount of labor to supply the information desired. 

Among the sources of inquiry to which information has been fur- 

nished may be mentioned other Departments and offices of the Gov- 

ernment, Representatives in Congress, and Congressional committees, 

boards of trade, chambers of commerce, and other commercial and 

agricultural organizations, and newspapers and periodicals devoted 

to agriculture or trade. 

The numerous requests for information received by the section and 

the large demand for its publications serve in a measure to indicate 

the importance of the work that it is attempting to perform. The 

rapid development of the agricultural resources of the United States 

has resulted in an annual production far in excess of the consuming 

capacity of our population. Tosucha degree has the surplus increased 

that its disposal is fast becoming a grave problem. The logical 

solution lies in the extension of our markets beyond the sea. To 

accomplish this in the face of the keen competiticn that other great 

producing countries are prepared to offer, an accurate and thorough 

knowledge of the conditions to be met is quite essential. The inves- 

tigation of these conditions and the diffusion of the information thus 

acquired comprise the work for which the Section of Foreign Markets 

was created. 

WORK OF THE WEATHER BUREAU. 

During the last twelve months marked and valuable improvements 

have been made in the Weather Bureau. Accurate forecasts of the 

weather are the most valuable service rendered by this Bureau to the 

general public. Storm waruings, forecasts of falling temperature, 

and predictions of other atmospheric changes and phenomena have 

been very satisfactorily and oftentimes perfectly verified during the 

past year. More than 10,000 eities, villages, and towns have been 

added to the list of beneficiaries of the Weather Bureau service in 

the same time, and expenditures have been less than for any twelve 

months during the past fifteen years, except one, in which they were 

substantially the same. 

New and ingenious inventions have been furnished to the principal 
observer stations for the purpose of expeditiously printing, in a more 

legible manner, the daily Weather Bureau maps which are posted in 

the leading cities and towns of the country, while the methods for 
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distributing the useful information furnished by the Bureau have been 

greatly perfected and extended, through the mails, to the smaller 
villages and post-offices. 
A Weather Bureau service especially for the benefit of the cereal 

erowers has also been established, so that now the area producing 
that staple is served in precisely the same manner as those vast areas 

which produce cotton. 

TIMELY WARNINGS. 

Warnings have been heralded and signals displayed throughout the 

country well in advance of all the cold waves of any intensity which 

have oceurred during the year. The value of such warnings was 

especially appreciated when the severe cold wave which swept, between 

January 1 to 5, 1896, from the northern Rocky Mountain region south- 

ward to the Gulf of Mexico and eastward over all the States along 

the Atlantic Ocean was forecasted and afterwards verified. Con- 

gratulatory acknowledgments from commercial bodies and from 

shippers of perishable merchandise indicate a saving through the 

various storm warnings similar to the above of several millions of 

dollars. Warnings of approaching cold waves of intense freezing 

power enabled owners of perishable property to protect their com- 

modities in time, and the warnings thus rendered inestimable benefit 
to commerce. 

Hurricane forecasts have been given to people along the Atlantic 

Coast several times and with the best of results to shippers and ship- 

ping. Three severe West India hurricanes swept the coast of the 

United States from Florida to New England and two others passed off- 

shore, but sufficiently near to seriously endanger the craft just leaving 

port. ‘Twenty-four hours or more in advance of each of these storms, 
danger signals announced their coming. Not a single vessel was lost, 

and comparatively little property was destroyed belonging to those 

who heeded the warnings. On the Great Lakes a similar system has 

been inaugurated and successfully operated. In the harbor of Buffalo 

alone during the last winter a total of more than 150 vessels, aggre- 

gating millions of dollars in value and having thousands of persons 

on board, were detained in port by the Weather Bureau forecasts, 

without which every one of the vessels would have been jeopardized 

in perilous storms. 

No very great floods have occurred in or along our big rivers during 
the past year, though the sudden melting of the snow at the head 
waters of the Allegheny caused a moderate freshet in the Ohio River 
in the latter part of March and in the beginning of April, 1896. A 
warning, however, had been issued by the Weather Bureau and pre- 
vented much loss of property. During July of the last summer 
unusually heavy rains prevailed in the South and Middle Atlantie 
States which caused floods in the rivers of Virginia, North Carolina, 
and South Carolina. From those States the Weather Bureau received 
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reports showing @ saving in stock, crops, and merchandise on the low- 

lands amounting to thousands of dolars, and also stating that vast 

values of logs and other property on those rivers were likewise saved 
as 2 result of the timely admonitions. 

The Chief of the Weather Bureau shows in his annual report that 

the average verification of forecasts during the year was 82.4 per cent. 

This is an improvement of 2 per cent over the previous year. The 

Bureau continues its investigations in the science of meteorology. 

Prominence has been given during the year to the subject of aerial 

investigations. Much work has been devoted to the development of 

appliances for upper-air exploration. The future will demonstrate the 

value cf these incursions into the upper strata of the atmosphere. 

AGRICULTURAL PUBLICATIONS. 

During the fiscal year 376 publications were put out by the United 

States Department of Agriculture, principally for gratuitous circula- 

tion. They aggregated six million five hundred and sixty-one thou- 

sand seven hundred (6,561,700) copies. The total number of pages is, 

however, less than were contained in the 254’publications of the pre- 

vious year, and even less than those in the 205 publications of the 

year 1894. The policy of condensation and abbreviation has been 

firmly established as to bulletins and circulars issuing from this 

Department. Bya careful and critical editing of the matter sent into 

the Division of Publications, terseness and lucidity have been stamped 

upon all agricultural literature disseminated by the Department. 

Farmers’ Bulletins, two-thirds of which are distributed by Senators, 

Representatives, and Delegates in Congress, were printed to the num- 

ber of one million eight hundred and ninety-one thousand (1,891,000) 
copies, and, of those, one million three hundred and sixteen thousand 

six hundred and ninety-five (1,316,695) copies were delivered to Sen- 

ators, Representatives, and Delegates. The average cost of Farmers’ 

Bulletins during the year was 1.3 cents each. 

MODIFPICATION IN METHOD OF DISTRIBUTING PUBLICATIONS. 

The method of distributing Department publications has been mate- 

rially modified and improved under the act of January 12, 1895. The 

mailing lists of the Department have been carefully revised. They 

include now only those who render some reciprocal service, or 

who, from educational or official position, are entitled to recognition. 

Besides those persons, universities, colleges, academies, and publie 

libraries receive publications of the Department when they apply for 

them. Remaining publications not required for distribution by the 

Department, as above outlined, are transmitted to the Superintendent 

of Decuments. He holds them for sale at prices barely adequate to 

pay for their printing. Up to June 30, 1896, the number sold by that 

officer was 2,818. 
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THE RESTRICTION IN REGARD TO 100 PAGES. 

The act referred to is, however, in need of amendments. It limits 

to 1,000 copies every publication exceeding 100 octavo pages, unless 

otherwise ordered by Congress. This proviso has seriously interfered 

with the utility of the Department in its lawful and prescribed duty 

of disseminating information in accordance with the law creating the 

Department. Legally, under the present method of distribution, only 

those persons decided to be properly entitled to them, may receive 

publications free of charge. Therefore, the thousand copies’ limita- 

tion is an unnecessary and inequitable restriction, and does injustice 

to many citizens who are actively and usefully cooperating with the 

Department for the love of agriculture itself and without pecuniary 

remuneration. 

DISCOURAGEMENT OF PRIVATE ENTERPRISE. 

The Public Printer may, under this law, supply at cost to parties 

asking for them while the work: is in press a limited number (not 
exceeding 250 copies) of any publication. For electrotype plates of 

the same he is required to charge an amount sufficient to cover the 

entire cost, including composition, manufacture of the pilates, and 10 

per cent additional. These provisions limit the distribution of the 
publications containing useful information while they save the Gov- 

ernment nothing. Such sales ought to be made only upon the ap- 

proval of the head of the Department and subject to regulations made 

by the Public Printer, but some method should be adopted by which 

the publications of the Department of Agriculture, at least, may be 

indefinitely muitiplied without public cost and by private enterprise. 

Neither the Department of Agriculture nor the Government itself 

can continue for the next five years, even, to increase its publications 

for gratuitous distribution in the same ratio that such publications 

have increased during the last five years without disbursing many 

millions of dollars. Many good citizens disapprove of the Govern- 

ment or any Department thereof becoming a competitor with the 

authors and publishers of books relating to pisciculture, geology, 

horticulture, entomology, agriculture, and kindred sciences. And it 

is frequently asked why discriminations should be made and useful 

literature published by the Government and circulated gratuitously 

among the people upon a particular line of subjects, employments, 

and interests, while all other vocations are left to think out and pub- 

lish their own literature. 

NEED OF GREATER ECONOMY. 

While the act of January 12, 1895, was presumably designed to 
effect economy in the work of publications, and while it has to some 
extent fulfilled this design in the way of limiting the free promiscuous 
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distribution of Gevernment documents, it has in some respects 

increased rather than decreased expenses. The expense of conduct- 

ing the branch printing office of this Department under the conditions 

imposed by the act in question amounts to $16,000 yearly, which is 

considerably more than twice as much as it has cost previously, and 

though there has been marked improvement in both the quantity and 

quality of the work, the increased expense has been disproportionate 

to the benefits obtained. As regards the economy effected under the 

act by reason of the restrictions which it permits—and in fact enjoins— 

in the distribution of public documents, it is discouraging in the 

extreme to find efforts at economy in this direction neutralized by 

special appropriations for the printing and free distribution of certain 

publications, the need for which exists in some cases so little that not 

a single copy is provided for the use of this Department, notwith- 

standing the fact that the cost of the work is deliberately added to 

the appropriations estimated for as necessary by the Secretary of 

Agriculture. In the act making appropriations for this Department 

for the current fiscal year, $82,500 was so added for the purpose of 

printing 60,000 copies each of the Report upon the Diseases of the 

Horse and the Report upon Diseases of Cattle, to be given away by 

Congress. 

Strenuous efforts have been made by the present Secretary in behalf 

of economy in this line as well as in others. And yet the increased 

number of publications have made it necessary to ask for an appro- 

priation for printing in this Department of nearly $100,000, and also 

for a further increase in the appropriation for the editing, illustrat- 

ing, and distributing of the carloads of matter yearly evolved by the 

several bureaus and divisions. 

GROWTH OF PUBLICATION WORK. 

The Division of Publications now embraces the work of distribution. 

Heretofore it included only editing and illustrating. The several 

appropriations expended under the direction of Mr. George William 

Hill, chief of this division, aggregate $170,000. The total appropria- 

tion of 1896 is considerably less than 50 per cent over that made for 

1894, while the number of publications issued exceeds this year by 85 

per cent those issued in 1894, and the total number of copies is 100 

per cent greater. This is sufficient evidence that the appropriations 

for this division have been carefully, efficiently, and economically 

handled, and that the increase of money disbursed is unavoidable 

simply owing to the constantly increasing issue of publications by 

the Department. 

In 1891 appropriations for the purposes of publication in the United 

States Department of Agriculture amounted to $87,600. Only 124 

bulletins, pamphlets, and other documents were issued, and the total 

number of copies printed was 2,384,447. But during the year 1896 
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appropriations of $172,740 paid for the 376 publigations, numbering 

6,561,700 copies. The increase in expenditure was less than 100 per 

cent, the increase in number of publications more than 300 per cent, 

and the increase in the number of copies distributed 175 per cent. 

And during the year 1896 the salary list of the Division of Publica- 

tions, including work of editing, illustrating, and all other office labor 

involved, has been actually less than it was in 1891. 

In view of the foregoing facts, the estimates for the work of the 

Division of Publications for the next fiseal year must, it is believed, 

commend themselves as reasonable and necessary. 

GRATUITOUS SEED DISTRIBUTION BY THE GCVERNMENT. 

The contract for furnishing vegetable and garden seeds during the 

fiscal year 1896 was made with D. Landreth & Sons, of Philadelphia, 

Pa., and that for flower seeds was made with L. L. May & Co., of 

St. Paul, Minn. Both contracts were let after consultation with and 

by and with the advice and approval of the chairmen of the Com- 

mittees on Agriculture in the United States Senate and House of 

Representatives. 

The dissemination is tabulated and made explicit by well-considered 

figures in the report of the special agent who had the matter in charge. 

The seeds distributed gratuitously by the Government during the 

fiscal year closing on the 30th of June last weighed a little over 230 

tons. The cost of carrying them through the mails was over $70,000. 

They occupied 30 mail cars in transportation. 

Careful computation shows that the seeds sent out by the Depart- 

ment of Agriculture during the year would have planted 21,038 acres 

of cabbage, 10,768 acres of lettuce, 10,712 acres of tomatoes, and other 

garden vegetables in proportionally large areas. Briefly, the seed 

gratuitously sent about the country would have planted more than 

115 square miles of garden. In other words, it would have planted a 

strip of ground 1 rod in width and 36,817 miles in length. Sucha 

strip would reach one and one-half times around the globe, and a pas- 

senger train going at the rate of 60 miles an hour would require 51 

days 3 hours and 14 minutes to travel from one end of this gratui- 

tously seeded truck patch to the other. 

Each Congressional quota contained seed enough to plant more than 

1634 acres. 

The 10,125,000 packets of vegetable seeds cost the Government 

$75,000, while the transportation of the same through the maiis added 

the sum of $74,520, making a total cost directly to the Government of 

$149,520 for the gratuity, paid for by money raised from all the people, 

and bestowed upon a few people. 

Samples of all seeds sent out were carefully and thoroughly tested 

by Mr. Gilbert H. Hicks, expert, as to purity and germinaiive power. 

A complete record has been kept of ali the shipments of blank franks 
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and also of the misceilaneous lots of addressed franks from each Sena- 

tor and Member of Congress, and receipts have been taken from the 

postmaster and postal clerk furnished by the Post-Office Department 

during the shipment of the seeds. Records of the mail packages 

show by whose orders they were mailed, to whom sent, the post-office 

address, and the dates they were sent out. 

CONTRACTS FOR CURRENT YEAR’S DISTRIBUTION. 

For the year ending June 30, 1897, seeds have been contracted for 

amounting to $130,000 in value. Owing to lower prices, it is safe to 

say that each Congressional quota will be nearly double what it was 

in the year 1896. And careful estimates make it obvious that the 

gratuitous distribution of seed by the Government during the year 

1897 will amount, at retail price valuation, to more than $2,000,000. 

And because of this competition of free seed with the retail seedsmen 

of the country, an attempt was made recently to enjoin the Depart- 

ment from purchasing seed with the appropriation made at the last 

session of Congress. But the injunction was denied, and thus the 

great privilege of gratuitously furnishing garden and flower seeds to 

a small per cent of the people out of money raised from the revenues 

of all the people was conserved to Members of Congress and the offi- 

cers of the Department of Agriculture. It isestimated that the distri- 

bution for this year will be sufficient to plant about 230 square miles 

of ground, and will therefore employ in the distribution about 60 

mail ears. 

The Secretary of Agriculture sincerely regrets this unnecessary and 

wasteful expenditure of public moneys, and hopes that Congress may 

in good time put a stop thereto. 

EXPERIMENT STATIONS. 

By authority of act of Congress making appropriations for the 

Department of Agriculture for the fiscal year ending June 30, 1896, 

and also in subsequent acts, examination of the work and supervision 

of the expenditures of the agricultural experiment stations estab- 

lished under act of March 2, 1887, have been made. A report of these 

investigations has been sent to Congress. It shows that the operations 
of a majority of the experiment stations have been within the scope 

and letter of the law. Some stations, however, are still defective 
in their organization and work. They do not use sufficient care in 

the expenditure of the funds as provided for by the terms of’ their 

organie act. 

The expansion of the experiment station enterprise immediately 

following the passage of that organic act was too rapid to be either 

wise or deliberate. It necessitated the employment of many officers 

who had not properscientific education or experience. Imperfect com- 

prehension of the functions and duties cf experiment stations on the 
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part of governing boards and officers intrusted with the management 

of the stations has in many instances led to misdirected effort; in 

some to superficial work, and in others to expenditure of the public 
funds for work not contemplated in the original act. 

It was, however, impossible to organize, simultaneously, fifty or sixty 

new institutions for originai scientific research of an entirely novel 

character without falling intomany errors. This criticism, therefore, 
of misdirected efforts is meant for the few and not for all. 

Some institutions have made the error of confusing work and 

expenditure intended for instruction with that intended for experi- 

mentation. Some stations expended large sums of money in what 
may have seemed experimenting, but was in reality the conduct and 

maintenance of large farms on which general crops (with, perhaps, 
some improved methods) were produced. 

PROPER FUNCTIONS OF EXPERIMENT STATIONS. 

The experiment station was not designed to be a model farm. 

There is neither warrant in law nor justification in circumstances for 

making it such. 

Another seeming misuse of funds has been brought about by the 

acceptance of donations of farms from enterprising citizens or from 

communities upon condition that permanent substations should be 

established upon them. Such farms have been often accepted without 

properly considering the nature of the soil of the land donated or the 

real needs of the locality. Thus much money has been wasted for 

building and equipments upon farms where only superficial and tem- 

porary experiments can be conducted. 

In some cases too frequent changes in boards of control, resulting in 

changes of policy with regard to the station and changes in the station 

staff, have worked great injury and discouragement. An experiment 

station’s proper management has no possible relation to any political 

party whatsoever. It should be in the hands of the best experienced 

and most practical scientists of the State or Territory. It should be 

permitted to go on increasing its utility and establishing its perma- 
nence without political interference. 

Some stations have endeavored to cover too many lines of work. 
Many stations were organized originally as so-called ‘all-around sta- 
tions.” They had a large staff of officers called ‘‘agriculturists,” 
“chemists,” ‘‘botanists,” ‘‘entomologists,” and “horticulturists.” 
They paid small salaries, and, with few facilities for work, achieved 
smailresults. Most of the officers were obtained from the agricultural 
college faculties. They were allowed very little time from their teach- 
ing duties therein, and consequently could not thoroughly conduet 
experimental investigations. In some cases this practice led to an 
almost total diffusion and exhaustion of the experimental and station 
funds. Such stations had no definite aim and organization, and some- 
times little administrative ability. Every station should have its own 
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executive head or secretary, like any other department in the college, 

and he should report to the president or chancellor who represents the 

controlling board. 

FUNDS OF THE STATIONS. 

It is regretted that so many of these institutions for higher scien- 

tific education in the United States have been limited as to funds with 

which to make original research; much useful investigation has, 

however, been carried out by professors connected with them, not- 

withstanding very limited means, purely from a love of science. 

Largely this has been accomplished outside of their regular duties 

and at great inconvenience and expense to themselves personally. 

The experiment station act gives the land-grant agricultural col- 

leges $15,000 per annum especially for original research in agriculture. 

This is equivalent to 5 per cent per annum upon an endowment of 

$300,000 for each station. And this fund ought to be regarded as a 

sacred trust and devoted entirely to the advancement of agricultural 

science through conscientiously directed original research. If this 

course be pursued in all the institutions, as it has been faithfully 

pursued in some, practical agriculture will receive vastly increased 

benefits. The colleges themselves will be greatly strengthened in 

resources, and will attract to themselves more and better students of 

agriculture and allied sciences. 
A separate account of the funds bestowed by the National Govern- 

ment should be kept by the accounting officer of every college having . 

an experiment station. Care ought to be taken that neither directly 

nor indirectly shall any part of this specific trust fund be diverted to. 

general college purposes. 

REGULATIONS FORMULATED BY THE DEPARTMENT. 

Complying with the authority granted by Congress, the United 

States Department of Agriculture formulated general principles and 
regulations for the guidance of experiment station expenditures. 

This was for the purpose of bringing the disbursement of those insti- 

tutions within the provisions and intent of the law. It is hoped that 

hereafter these directions will be accurately carried out in every 

respect. If the United States experiment stations do not universally 

conform to the literally correct interpretation of the organic act, it 

will become necessary to amend the law so as to definitely describe 

the functions of the institutions and absolutely compel a more rigid 

accounting for the funds appropriated by the Government of the 

United States. 
Investigations made up to this time verify and affirm the wisdom 

of the recommendations for the expenditure of these moneys under 
the supervision and direction of officers of the United States which 

were made by the Secretary of Agriculture in his report for the fiscal 
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year 1893. The necessity of a governmental and a strict accounting 

for these funds is generally recognized by the governing boards and 

officers of all the experiment stations. 

PRELIMINARY INVESTIGATIONS IN ALASKA. 

Propositions have been made in Congress and elsewhere looking to 

the establishment of an agricultural experiment station in Alaska, 

but information as to the present condition and possibilities of agri- 

culture in that Territory is so limited that a recommendation for the 

establishment of a station therein is not warranted. Until there 

shall have been made a preliminary examination of the soil and cli- 

matic capabilities of Alaska, it is deemed unwise to establish stations 

therein. But the estimates for appropriations for the coming fiscal 

year include one of $5,000 for the purpose of making explorations and 

investigations as to the agricultural resources of that Territory. 

NUTRITION INVESTIGATIONS. 

The appropriations for looking into the nutritive value of the vart- 

ous articles and commodities used for human food were continued 

and increased by Congress for the past fiseal year. The supervision 

of the work accomplished under this appropriation remained in charge 

of the Office of Experiment Stations, and the general policy pursued 

was that outlined in previous reports. As stated in the report of the 

Secretary of Agriculture for the year 1895, the effort has been made 

“to build up centers of inquiry where the more scientific and funda- 

mental problems can be best investigated, where workers in this line 

ean be efficiently trained, where the importance and usefulness of 

accurate information regarding the rational nutrition of man will be 

impressed upon large bodies of students and from which the practical 

results of food investigations may be widely and efficiently dissemi- 

nated.” 

Experiment stations, agricultural colleges, and other educational 

institutions, as well as some benevolent associations, have joined 

with the Department in making these valuable investigations. The 

funds at the disposal of the Departinent were more economically and 

efficiently used in the encouragement of researches on the food and 
nutrition of man at institutions of learning, in various parts of the 

country, which would contribute the services of experts, laboratories, 

and other resources, than they could have been in any other way. 

In nearly every locality where nutrition investigations have been con- 

ducted they have been with the cooperation of some institution of 

learning. Thus the assistance of those especially interested in this 

kind of research has been secured; thus the inquiries have been 

rendered more effective; thus the results, besides being reported to 

the Department, have been disseminated by publications throughout 

the country, and thus also they have been generally utilized to the 
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best advantage. Under no other system of operation could so large 

an amount of good have been accomplished with the appropriations 

which Congress made for this specific purpose. The data already 

collated are much more numerous and extensive than could have 

been obtained in years by the Department alone, unaided by the coop- 

eration of colleges, universities, and their professors. 

Reference is made to the report of the Office of Experiment Stations, 

under whose direction these researches have been pursued, for inter- 

esting details of the work. 

AGRICULTURAL COLLEGES AND THE CIVIL SHRVICE. 

Tn the future may it not be possible for an arrangement to be made, 

in accordance with law, between the presidents of agricultural colleges 

and the directors of experiment stations on the one hand and the 

United States Civil Service Commission on the other hand by which 

the certificates of the former as to industry, ability, and character will 

permit their graduates, under the direction of the Secretary of Agri- 

culture, to enter the service without competitive examinations? If 

a reasonable construction of existing law permits those who have 

devoted years of study at experiment stations and in agricultural col- 

leges, and thus made themselves especially skilled and expert in 
specific lines of investigation, to enter the scientific bureaus and divi- 

sions of the United States Department of Agriculture after a rigid 

examination by their preceptors and certification by them as to their 

merits, will not the country begin at once to realize direct benefits 

from experiment stations and agricultural colleges which under th 

present system seem to be wanting? 

In short, by a judicious extension of civil-service rules can not the 
agricultural colleges be increased as to number of students and at 

the same time made a scientific rendezvous whence the Department 

of Agriculture may with certainty always draft into its service the 

highest possible ability and acquirements in specific lines of scientific 
research ? 

ACKNOWLEDGMENTS AND RECOMMENDATIONS. 

Reviewing the operations of the Department, it is shown that there 

has been a material advance in the practical utility of the work car- 

ried on by the several chiefs of bureaus and divisions of the Depart- 

ment during the lastfouryears. Some lines of investigation have been 

suspended, and others, notably those of soils and grasses and nutri- 

tion investigation, have been instituted. It is believed that the Sec- 

tion of Foreign Markets will prove of great educational and commercial 

advantage to the farmers of the country. It is also obvious that the 

improvements which have been made have not added to the burden 

of the public expense. 
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In this last report of the present Secretary of Agriculture he 

acknowledges with cheerfulness the efficient cooperation of the em- 

ployees of the Department. He likewise gladly acknowledges his 

indebtedness to the Chief Executive of the nation, who at all times has 

given his encouragement and support to every effort made in behalf 

of a businesslike and economical management of this Department. 

Estimates for the ensuing year have been discussed carefully by the 

Seeretary and his able assistant and those chiefs of divisions and 

bureaus whose positions and intelligent zeal have rendered their 

advice valuable and desirable. The appropriations estimated for 

the next year are reasonabie and just. Whatever useful results may 

be obtained by their proper disbursement will redound to the honor 

of the succeeding Secretary of Agriculture, under whose immediate 

direction they are to be expended. 

The recommendations of former reports as to the importance of 

speedily providing new and adequate buildings for the proper accom- 

modation of the Department of Agricuiture are strenuously renewed. 

In this connection it is a duty to protest against the inexcusable 

practice of including in the appropriations for this Department funds 

to be expended by the heads of other Departments or of bureaus in 

other Departments over which the Secretary of Agriculture has no 

supervision or control. For the current fiscal year there was included 

the sum of $82,500 in the appropriations for the Department of Agri- 

culture for certain publications to be distributed by Members of the 

Senate and House of Representatives. Over that sum of money and 

the publications provided for no officer of this Department has the 

slightest supervision. In the same bill there is an appropriation 

made of $4,500 for the Geological Survey, which rightfully should 

have been charged to the Department of the Interior. There is 

neither equity nor good reason for charging to the account of one 

Department expenditures which are to be made by the officers of 

another and for which the head of the Department to which the 

appropriation is charged can be in nowise held responsible. 

THE CONDITION OF AMERICAN FARMERS. 

The farmers of the United States hold 72 out of each 100 farms— 

occupied by their owners—absolutely free from mortgages or other 

incumbrances. The debts secured by liens upon lands used for tillage 

and the production of crops aggregate, after throwing out the mort- 

gage indebtedness of railroads and other corporations, less than one- 

sixth of the total indebtedness of the citizens of the United States 
- secured upon real estate. ; 

Out of each thousand farms in the United States only 282 are mort- 

gaged, and three-fourths of the money represented by the mortgages 

upon the 282 farms was for the purchase of those farms or for money 

borrowed to improve those farms. And the prevalent idea that the 
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West and the South are more heavily burdened with farm mortgages 

than the East and Northeast sections of the United States is entirely 
erroneous. 

The States along the North Atlantic shores are quite heavily encum- 

bered with farm mortgages, and New Jersey carries a debt of this 

kind greater, in proportion to its farm valuations, than any State in 

the American Union. 

The constant complaint by the alleged friends of farmers, and by 

some farmers themselves, is that the Government does nothing for 

agriculture. In conventions and congresses it has been proclaimed 

that the farmers of the country are almost universally in debt, despon- 

dent, and suffering. Largely these declarations are without founda- 

tion. Their utterance is a belittlement of agriculture and an indignity 

to every intelligent and practical farmer of the United States. The 

free and independent farmers of this country are not impoverished; 

they are not mendicants; they are not wards of the Government to be 

treated to annuities, like Indians upon reservations. On the other 

hand, they are the representatives of the oldest, most honorable, and 

most essential occupation of the human race. Upon it all other voca- 

tions depend for subsistence and prosperity. The farmer is the 

copartner of the elements. His intelligently directed efforts are in 

unison with the light and heat of the sun, and the success of his labors 

represents the commingling of the raindrops and his own sweat. 

Legislation can neither plow nor plant. The intelligent, practical, 

and successful farmer needs no aid from the Government. The 
ignorant, impractical, and indolent farmer deserves none. It is not 

the business of Government to legislate in behalf of any class of citi- 

zens because they are engaged in any specific calling, no matter how 

essential the calling may be to the needs and comforts of civilization. 

Lawmakers can not erase natural laws nor restrict or efface the oper- 

ation of economic laws. It is a beneficent arrangement of the order 

of things and the conditions of human life that legislators are not 

permitted to repeal, amend, or revise the laws of production and 
distribution. 

EFFECTS OF THE HOMESTEAD LAW. 

The attention of those who complain of the condition of the Ameri- 

ean farmer and the hardships which, by stress of the competition of 

ali the farmers of all the world, he is at times compelled to endure, is 

called to the fact that nearly 2,000,000 of farms of 80 acres each in the 

United States have been given away by the Government under the 

homestead act of 1866, during thelast thirty years. Those farms con- 

tain many millions of acres of arable land. 

This giving of something for nothing has resulted in an abnormally 
rapid increase of the acreage under tillage in the United States during 

the last thirty years. This also has caused decline in farm land 

values in the Eastern and older States. Under the timber-culture 

12 a 96-4 
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law the amount donated was equivalent to over 550,000 more farms of 

the same size. This takes no account of the desert-land laws, under 

whieh numberless choice locations were given away, or of the large 

bedy of land patented to States and corporations and sold at merely 

nominal prices to build up the country. Lands long tilled and ren- 

dered partially infertile could not, of course, enhance in value and 

sell in competition with virgin soil which was being donated by the 
General Government. Lines of rail transportation have either pio- 
neered the homestead Iands or quickly followed their settlement. 

Reduction in the cost of carriage has made the long haul of the 

products from those far-away—given-away—tarms but a trifle more 

than the freight upon products grown in the Middle and Eastern 
States going to the same domestic markets or to those of Hurope. 
No legislation relative to the public domain has been so directly 

inimical to the farmers who had bought and paid for the lands upon 

which they lived and labored. Until the homestead law came into 
vigor, in 1866, the farmers of the United States competed with each 
other upon Jand representing accumulated capital and fixed invest- 

ments, but after the homestead-law lands began to produce and ship 

into market crops from the vast area of fertility which they represent, 

Hastern and Middle States’ land values declined. It was impossible 
for them to enhance in competition with fresher and more productive 
land obtained as gratuities by other farmers. It was equally impos- 

sible—demand remaining stationary and supply suddenly increas- 

ing—for farmers in the older States to profitably sell their products 
in competition with those of the newer States grown upon lands which 
cost their owners nothing. 

RATES OF INTEREST UPON FARM MORTGAGES IN THE UNITED STATES. 

Many misinformed persons have declared in their lamentations as 

to the alleged wrongs of farmers that even money Jenders charge 

greater rates of interest for money loaned upon lands occupied as 

farms than for that loaned upon other kinds of real estate. So much 

has been said relative to this subject that it becomes a duty te present 

in indubitable shape the facts and figures regarding interest upon 
farm-land loans. 

Therate of interest charged on mortgages upon homes—thatis, resi- 
dential property other than farms—averages throughout the United 
States eighty-four one-hundredths of 1 per cent less than the rate of 

interest charged upon farm loans. In seventeen States the average 
ate charged on the latter loans is less than that demanded for loans 

upon other homes and residential property. In two States the rates 
are the same upon urban and rural real estate. In Pennsylvania, 
Maryland, Virginia, West Virginia, Kentucky, Michigan, Wisconsin, 

Iowa, and Kansas, and in Texas and Alabama, the rates of interest 

are less upon money secured by farm mortgages than they are in those 
States upon money secured by other realty. 
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In five States, including Kansas, the difference in favor of the 

farmer is from one-fourth to one-half of 1 per cent per annum, and in 

Texas it is over 1 per cent. 
The agriculturist is not discriminated against as compared with any 

other class of citizens when he comes to borrow money. But if the 

Western farmer does pay a somewhat higher rate of interest than he 

would have to pay in the East, so does the Western merchant, lumber- 

man, banker, common carrier, or manufacturer also have to pay a 
higher rate than persons engaged in the same business nearer the 

money centers. 

During the last ten years in the Western States there has been a 

steady maintenance of land values in nearly all sections, and in some 

an enhancement of the prices of land. Between 1880 and 1890 the 

inerease of farming-land values, as reported by the occupants of the 

farms themselves, was more than enough to offset the entire interest 

charge for the decade in most of the great agricultural States of the 

Westand South. In Kansas and Nebraska the increase of land values 
in that period of time exceeded the entire farm incumbrance, princi- 

pal and interest. In the States of Washington and California it was 

nearly twice as great as the combined principal and interest. In fact, 

where the interest was highest the increase in value was greatest. 

Average interest rate per annum on farm mortgages in force in 1890. 

Per cent. 
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Taking the country as a whole, the most numerous class of farm 

mortgages and that representing the largest total incumbrance was the 
class that paid 6 per cent. 

North Atlantic Group. 
Per cent. 

Proportion of farm mortgages paying 5 per cent interest, or under_______. 30. 60 

Proportion paying not more than 6 per cent.___.____...._------...-.-.---- 98.16 

North Central Group. 

Proportion paying not more than 6 per cent interest__.........--.--------- 21.34 
Proportion paying not more than 7 per cent interest.........-......------- 51. 60 

Proportion paying not more than 8 per cent interest.........-....--------- 33, 54 

Western Group. 

Proportion paying not more than 8 per cent interest__.......-.----------- 37.74 
Proportion paying not more than 10 per cent interest___..._....----------- 88.14 

‘Rocky Mountain region and Pacific Slope. 
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Typical States and average rates of interest on farm mortgages. 

Per cent. Per cent. 

Rennaylvania 5.2 85-s2222-<5<<2 5.43 | Minnesota... --22>-_u-4e2Seoeeee 8.18 

MMassachuseliset:.-s62 2265 =o 5.58. | Nebraska '==2.4.522) 3 eee 8. 22 

TIN vr (OT Ken ie ee oe 5, 66.| Colorado _- 222222) 9.23 

CS latin, seo ae Re ie Sa eae Se 6.68 | South Dakota: --. -._ 9.52 

diane ee ren eee 6.89 | North Dakotaz== 22.) ee 9.54 

(UTES ie ee eee A 6.92 | Wyoming _1:2_2+ 1.5 eee 10. $2 
RVG CONST ee a en ee cerns a 6.64 | Idaho _ 22-2 _ 2 eee 10. 55 

T LERGLONY ES 5) eee ae Spee ee 7.10 | Utah__.-_2222543- 2 eee 10.13 

Reawiate ee ee oe eee ees 7.36.| Washington. 22-2 eee 9.87 

MSHOUTICN! Wee et ee a ee 7. 98°| Oregon.) 3. Se ee 9.06 

Kansadcn oor se eee ee 8.15 | California 22-2922 2-2 8.78 

RECENT ANNUAL SALES OF FARM PRODUCTS ABROAD. 

Attention is called to the fact that during the fiscal year just ended 
the exported products of American farms aggregated a value of 

$570,000,000. That is a gain of $17,000,000 over the preceding year. 
During the fiscal year 1896 agricultural products make up only 66 per 

cent of the total exports of the United States, as against 70 per centin 

1895, 72 per cent in 1894, and 74 per cent in 1893. But the reason of a 
relatively decreased value of 4 per cent, with an increase in the absolute 

valuation of agricultural products shipped in the year 1896, amount- 

ing to $17,000,000 more than those of the preceding year, 1895, is solely 

due to the unprecedented sale abroad of American manufactured 

goods and commodities, the exports of which from the United States 

jumped from a valuation of one hundred and eighty-four millions of 

dollars ($184,000,000) in 1895 to two hundred and twenty-eight millions 
of dollars ($228,000,000) in 1896. 

GENERAL PROSPERITY DEPENDENT UPON AGRICULTURAL PROSPERITY. 

It is admitted by all economists that general prosperity depends 

absolutely upon agricultural prosperity. The largest market for the 

products of agriculture and for the products of the manufactories is 

admittedly the home market. It is, however, true that the export 

trade is the regulator, the balance wheel, for domestic trade. There- 

fore, it follows that the interest of the manufacturer, as well as of the 

farmer, is found in the most rapid possible increase of the export of 
farm products. By such exportations farmers and those engaged in 

subsidiary arts, who constitute nearly one-half of the population of the 

United States, and who mainly create the demands of the home mar- 

ket for manufactured goods, will have an increasing power to buy 

those goods. On the other hand, the imported products of agriculture 

are limited in number. They are mainly sugar, wool, hemp, coffee, 

tropical fruits, and nuts. “ 

Any commercial system which will increase with celerity and extend 

with certainty the export of farm products from this country will be 
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of the utmost advantage to agriculture and all those interested in its 

profitable expansion. And that political economy which best advances 
the interests of the agriculturists furnishes the best impetus to the 

manufacturers of the United States, because when the prosperity of 

the American farmer is established by virtue of constantly increasing 

sales of his products in foreign markets normal and legitimate protee- 

tion will have been secured to the American manufacturer, for his 

best customers are farmers and those engaged in occupations which 

depend directly for profit upon the prosperity of farmers. 

THE BEST MARKETS FOR AMERICAN PRODUCTS. 

The best foreign markets for American products and commodities 

are among those nations whose power to buy things and pay for them 

has been augmented by the use of labor-saving inventions. The 

principal market, therefore, for American exports is found in the 

United Kingdom of Great Britain and her colonies, which took dur- 

ing the last fiscal year $511,751,040 worth of exports from the United 

States. That is to say, English-speaking people bought 58 per cent 

of all commodities and products exported from the United States 

during the fiscal year 1896. Germany, France, Holland, and Belgium 

purchased during the same period of time $210,953,054 worth of exports 

from the United States. Thatis, the United Kingdom of Great Britain 

and the nations enumerated purchased 81.9 per cent of the entire 

export output of the United States during the fiseal year 1896. 

Other nations, including the remainder of Europe, Asia, Africa, and 

South America, took the balance of American exports, which amounted 

to $160,902,844 in value and to 18.1 per cent of the entire shipments 

of this country. 

QUESTIONS FOR THE AMERICAN FARMER. 

he question for American farmers and all other citizens engaged 

in gainful occupations to consider is, How can the United States sup- 

ply the markets of the world with staple food products and necessary 

articles of manufacture? If the labor cost of a product is governed 

by the rate of daily wages, how can a dollar’s worth of farm products, 

or of commodities from manufactoriesin the United States, be sold in 

foreign parts? 

Is not that nation which, like the United States, possesses the greatest 

power and facilities for producing and manufacturing those exchange- 

able things which the world demands destined to monopolize the mar- 

kets of the globe? Do not the most favorable natural conditions for 

varied and successful agriculture abound in the United States? In 

what country is there less burden of national taxation? What other 

people pay so little for the maintenance of a standing army? Who 

can compete with the American farmer or the American manufacturer 

in developing the best results of human toil with a minimum of human 

effort? 
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EFFECT OF LABOR-SAVING IN VENTIONS—WAGES. 

In the United States labor-saving inventions are applied in almost 

every avenue of production. Nowhere else on the globe has agricul- 
ture so many improved, useful, and ingenious devices, implements, 

and machines at its command. Therefore the exports of American 

farm products must increase; and the sales from those exports, after 

yielding adequate profits to maintain the farm, will yield alsoa higher 

rate of wages to those who do the mechanical and manual work than 

the wages paid in those nations which are our principal customers. 

Necessarily the wages paid in the United States—for instance, in the 

production of wheat and cotton, the great articles of export—are from 

50 to 500 per cent higher than they are in those countries with which 

we compete in selling our cotton and wheat; while in manufactures 

from the metals the wages paid those who make articles of iron and 

steel for export are from 25 to 100 per cent higher than the wages 

paid workers in the same industries by the nations with which we 

compete. 

MILLIONS DEPEND UPON FOREIGN MARKETS. 

Under the foregoing conditions, about 1,700,000 laborers on Ameri- 

can farms are almost constantly employed in developing agricultural 

products for exportation. 

At the same time, with a rapidly increasing export of manufactured 
articles from the United States, the number of laborers engaged in 

mechanical occupations, who must depend for their steady employ- 

ment upon the demand which the world makes for American goods, 

is constantly increasing. Itis probably quite safe to declare that at 
least two millions of American workmen, on farms and in factories, 

subsist almost wholly upon employment based upon foreign demand 
for American commodities. And in this contest for feeding and fur- 

nishing mankind—notwithstanding the fierce competition which meets 
us all over the globe—Amervican Agriculture, Manufacture, and Com- 

merce are steadily gaining more trade, and thus furnishing an 

enlarged wages fund, on a Gold basis, out of which many thousands 

of American laborers and skilled artisans draw their yearly remunera- 
tion, and upon which they and their families largely depend for 
employment and comfort. 

J. STERLING MORTON, 

Secretary. 
NOVEMBER 16, 1896. 

Since the original publication of the foregoing report additional 

information relative to the disposition of the public domain has 

become available, for which see the Appendix. 



EXTERMINATION OF NOXIOUS ANIMALS BY BOUNTIES. 

By T. S. PALMER, 

First Assistant, Biological Survey, U. S. Department of Agriculture. 
* 

The payment of rewards or bounties for killing noxious animals i: 

not anewidea. This method of extermination was adopted by the 

colonies of Massachusetts and Virginia before the middle of the seven- 

teenth century, and has been continued ever since, but neither the 

results nor the cost of such legislation seem to be generally known. 

Bounty laws have been passed by nearly every State and Territory, 

and in 1895 were still in force in about thirty States and in six of the 

Canadian provinces. The expenditures have increased in the last 

deeade, and more than $3,000,000 has been spent during the last 

twenty-five years. Since the burden of the expense falls on the com- 

munity at large, while the benefit is restricted to a comparatively small 

class, the question naturally arises as to how far the method has been 
successful, and whether the results warrant its continuance. 

THE DEMAND FOR BOUNTY. 

More than a score of animals in the United States are considered 

sufficiently injurious to require radical measures for their extermi- 

nation. Wolves, coyotes, panthers, bears, and lynxes are very de- 

structive, but perhaps do not cause greater loss than ground squirrels, 

pocket gophers, rabbits, and woodchucks. <A few birds also, such 

as blackbirds, crows, English sparrows, hawks, and owls, are some- 

times included in the category of noxious species. The most plausi- 

ble and persistent demands for protection from the depredations of 

wild animals have come from owners of sheep and cattle, and many 

of the bounty laws have been enacted ostensibly to encourage sheep 

raising. No doubt this industry has many claims for this protection, 

but it may be noted that the most urgent demand for bounties in the 
West have come, not from the farmers or owners of small flocks, but 

from cattle and sheep men whose immense herds and flocks are pas- 

tured on Government land, and who claim that the cost of protecting 

their herds and flocks should be borne by the county or State. In 

some regions the losses on account of wolves and coyotes are so serious 

as to threaten the success of the sheep industry. It was estimated in 
c~ 
00 
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1892 that in New Mexico, where the sheep were valued at $4,556,000, 

such losses varied from 3 to 7 per cent; in Nebraska the value of 

sheep was about $2,000,000, while the losses amounted to 5 per cent, 

or $100,000; and sheep owners in central Texas suffered losses on 

account of wild animals to the extent of 10 to 25 percent.! Farmers, 

too, have just cause for complaint. In eastern Washington the grain 

fields and orchards are damaged every year by ground squirrels to the 

extent of hundreds of thousands of dollars, and the losses are scarcely 
less in some parts of California, Montana, and North Dakota, while in 

most of the Western States orchardists and vineyardists suffer from 

the depredations of rabbits and pocket gophers. 

The value of bounties is not admitted by all, and those who are sup- 

posed to be most benefited by them are often the ones who complain 
most*of the failure of the laws and the lack of real protection which 

they afford. Just previous to the passage of the present bounty law in 

Iowa a prominent sheep owner of Grinnell stated that it was impossi- 

ble to raise sheep in some parts of the State on account of the wolves, 

and he attributed the unsatisfactory conditions to the low rates and 

unequal bounties. 

Any scheme intended to bring about the extermination of a species 

must fulfill certain conditions before it can prove successful in prac- 
tice: (1) It must be applied over a wide area practically covering 

the range of the species, otherwise the animals will increase in the 

unprotected region; (2) it should be uniform (i. e., the rates should 

be the same) in all localities; (3) it should provide some inducement 
for carrying out its provisions; (4) it should be economical, for if 

expensive, the cost will exceed the losses which it seeks to avert; (5) 
it should provide so far as possible against fraud or the misappropria- 

tion of public funds. In order to see how far bounties have met these 
requirements, it will be necessary to review briefly the history of this 
legislation and to note the operation of some of the recent laws. 

Under the bounty system a fixed sum is offered for each animal, and 

the reward is paid to the claimant upon delivery of the skin or sealp. 

The amount of money which an individual may receive therefore 

depends entirely on his own efforts or on the condition of the public 
funds. It is urged in support of this method that the State or county 

pays only for the animals actually killed, and that it suffers no other 

expense, as the rewards are drawn from regular funds of the county 

and are disbursed by county officers oftentimes without additional 

compensation. It is sometimes claimed that this inducement to cap- 

ture animals furnishes employment to men and boys who do not desire 
or can not get other work, and are thus encouraged to labor for 
the benefit of the community, and that by increasing the rewards the 

extermination can be hastened whenever necessary. Simple and eco- 
nomical as this method appears theoretically, it has proved extremely 

1 Heath, Special Report on Sheep Industry in the United States, 1892. 
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unsatisfactory and very costly in practice, and the mere fact that 

over three hundred laws have been enacted in the United States would 

seem to show that bounties have not accomplished all that was ex- 
pected of them. 

HISTORY OF BOUNTY LEGISLATION IN THE UNITED STATES. 

The first laws providing rewards for the destruction of wild animals 

seem to have been passed in Massachusetts about 1630 and in Virginia 
about 1632. Bounty legislation has therefore extended over more 

than two centuries and a half—a sufficient length of time, it would 

seem, to test its merits or defects. But so little attention has been 

paid to the matter that almost every State has been compelled to ex- 

periment for itself, instead of profiting by the experience of others, 

and has learned the limitations of the method only after spending 

thousands of dollars. 

The history of bounty legislation may be conveniently divided into 

three periods: (1) From 1630 to 1775; (2) from 1776 to 1865; (3) from 
1866 to 1896. These three periods are unequal in length (146, 90, and 

31 years), but the payments during the last period probably exceed 

those of the other two combined, although the number of years is 

only one-eighth as great. This is not due entirely to higher rates in 

recent years, for the payments in Maine between 1830 and 1865 were 

almost exactly the same as those from 1866 to 1895. 

During the colonial period bounties were confined mainly to wolves, 

and in Virginia for more than a century and a half the rewards were 

paid in tobacco, which was the usual medium of exchange in that 

eolony. The general bounties were supplemented by special rewards 

paid by the counties, and the Indians were encouraged to aid in the 

work of extermination. In some of the colonies crows, squirrels, and 

blackbirds caused so much damage that rewards were offered for 

their scalps, and in South Carolina means were taken to protect the 

planters from the depredations of rice birds. The necessity for such 

protection was quaintly expressed in the act of 1695, as follows: 

Whereas the planters of this province do yearly suffer considerable damage by 

birds and beasts of prey in their stocks and crops, whereby, notwithstanding their 

continual care, they are impoverished and discouraged, beitenacted * * * that 

every person or persons who shall kill and destroy the small blackbirds and rice 

birds shall receive half a royall per dozen, aud for crows, jackdaws, and larks, 
shall receive one royall and a half per dozen. 

From 1776 to 1865 numerous laws were passed in the original 13 

States, and the bounty system was extended over most of the terri- 
tory east of the Mississippi River. Most of the rewards were paid for 

wolves, and the work of extermination, begun in Ohio and Kentucky 

in 1795, and in Tennessee in 1797, extended gradually westward to Mis- 

souri, Iowa, and Nebraska, and even to Washington. As time went 
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on and the country gradually became settled, attention was paid to 
getting rid of other animals, such as bears, panthers, wild-cats, and 

foxes. In New England great numbers of crows were killed, particu- 

larly in Maine and New Hampshire, and in the latter State the kill- 
ting of hawks was encouraged at the expense of the public treasury. 

With the beginning of the war more important matters claimed the 

attention of Iegislators, and in most of the States little thought was 
given to bounties on wild animals. 

Since 1866 bounty laws have been passed in increasing numbers 

by nearly all the States and Territories. With the development of 

the West and the inerease in cattle and sheep raising, the necessity 
for exterminating wolves and coyotes has become more apparent. 

Immense numbers of these animals have been Killed in Montana, 

North Dakota, South Dakota, Wyoming, and Colorado; but they still 

seem to be very numerous. Several States have also offered pre- 

miums for foxes, wild-cats, minks, and even weasels. The suecess 

of the sheep men in their warfare against predatory animals encour- 

aged the farmers of the Mississippi Valley and the Great Plains region 

to demand appropriations from State and county treasuries for killing 

ground squirrels, gophers, and rabbits. This legislation has proved 

not only ineffective, but extremely expensive. The experiment has 

been tried in Minnesota, Montana, California, and North Dakota, and 

in each case the result has been disastrous to the treasury; in fact, 
no State thus far has been able to pay a general bounty on ground 

squirrels and gophers for any length of time. 

Bounties on birds, which were by no means uncommon in colonial 

times, have recently been revived in several States. Since 1875 an 

unusual interest has been manifested in the extermination of hawks 
and owls, notwithstanding the fact that it has been demonstrated 

that most of these birds are actually beneficial instead of injurious. 
Hawk laws were passed in Delaware, New Hampshire, Pennsylvania, 

Colorado, Indiana, Chio, Maryland, Virginia, and West Virginia. 

The law in New Hampshire was repealed in 1881, after being in force 

for four years, but was again revived in 1893; the bounty in Colorado 

remained in force eight years, while the Pennsylvania “scalp act” 
was enforced only a year and a half, costing the State about $90,000 

for birds of prey alone. The extermination of crows was encouraged 

in New Hampshire from 1881 to 1883, and in Maine from 1889 to 1891. 

In the latter State 50,707 crows were killed at an expense of a little 
over $5,000. Illinois and Michigan have turned their attention to the 

English sparrow. Three acts have been passed in Michigan since 
1887, and have cost the State $61,800, while the law in Dlinois, 
enacied in 1891, has involved an expenditure of $55,600. Premi- 
ums for birds are perhaps the most pernicious of all bounties. Dr. 

C. Hart Merriam has estimated that the poultry killed by hawks and 
owls in Pennsylvania in a year and a half would be worth $1,875. 

=— = 
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But every hawk and owl kills at least 1,000 mice in the course of the 

year, and therefore, estimating the damage done by a mouse at 2 

cents, each hawk and owl would save the farmer $20 per annum. In 

other words, the expenditure of $90,000 caused the destruction of 

birds worth $3,857,130 to save a possible loss of $1,875 to the poultry 

industry.' Although the crow is almost universally condemned, it 
is by no means certain that it is responsible for all the damage that 
is usually attributed to it. In fact, recent investigations by the 

Department of Agriculture show that the crow is rather more benefi- 

) cial than injurious. The English sparrow is recognized everywhere 

as one of the greatest pests which could have been introduced into 

this country, but the offering of rewards for its destruction encour- 

ages the killing of native birds which are indistinguishable from it 
to the unpracticed eye of the officer who pays the bounty. 

EXPENSE OF THE BOUNTY SYSTEM. 

In 1895 laws providing bounties on wild animals were in force in 

about thirty States of the Union, but with the exception of New Mex- 

ico and Texas practically no rewards were offered in any of the States 

lying south of latitute 37°. North of this line bounty laws were in 

force in all the States except Massachusetts, Connecticut, Delaware, 

Indiana, and possibly West Virginia. In some cases the expendi- 

tures were smail, but in Minnesota, Montana, and Wyoming the 

expense was heavy. 

it is extremely difficult to obtain accurate statistics regarding the 

cost of this legislation, owing to the fact that in some cases the 

rewards are paid from the State treasury, in others by counties. 
State bounties are usually included in the reports of the treasurer or 

auditor, but reports of county officers are seldom published in deiail, 

and it is necessary to secure the data from the original records. 

When a change occurs in the office of county clerk or treasurer, 
the new incumbent frequently finds difficulty in unraveling the old 

accounts, and he may be entirely ignorant of an expenditure of 

thousands of dollars under his predecessor. Old records are some- 
times inaccessible and sometimes burned, so that it is practically 

impossible to obtain returns for a series of years. 

Reports of bounty payments during the last quarter of a century 

have been collected in detail from twenty-nine States. As shown in 
the table following, nearly $2,400,000 has been spent, but the returns 

are more or less incomplete from all the States except Maine, Mich- 

igan, Montana, Minnesota, New York, and Wisconsin. No attempt 

has been made to secure statistics from twelve other States in which 
relatively small amounts have been paid, and it is safe to say that the 

total expenditures aggregate more than $3,000,000. 

1Report Commissioner of Agriculture, 1886, p. 228. 
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Bounties paid on noxious animals and birds sabi: 1871 to 1895. 

State or Territory. at State or Terweey. eed 

PNriz guise eee eee 1887-1895 | 2 $10,000 || New Hampshire------...- 1874-1895 

Gatifornviac..-c == 22-4 1886-1895 | 210,345 || New Mexico-----.-~------. 1891-1895 

Solerado. 2 o2--255-.-5——- 1889-1895 93, 827 || New York -----.----------| 1871-1895 

TOANG oan oo ce keane eS 1878-1895 46,591 |} North Dakota_----. ------ 1886-1895 

PUN GISioos | 22-2 cn essen enaae 1877-1895 89,566 || Oregon---.-----.----.-----| 1885-1895 

[Prigsarisy,..02 2022s eee 1875-1895 22,600 || Pennsylvania_-_-.------.-- 1885-1887 

TewWeiteee os fone 1871-1895 | 156,484 || Rhode Island---_...-.-..- 1893-1895 

Tighe te eee ae 1875-1895 | 126,955 || South Dakota ---.-__--... 1887-1895 

WWaING: ee en ee | a See 49,500: }| Texas ...=----5-=2 -s2senes 1891-1892 

Muchipan: 222253 -sc-s=----= 1871-1895 80, 774 || Utah. 2-25 <a2- See ee 1888-1895 

Minnesotay2:<2 kc 2225-2 e+ 1876-1895 | 303,238 ||) Vermont---_--.-.2--------- 1881-1895 

MissOnti <= .ee5 seen eee 1879-1885 | 236,000 Mh easton: soeaeetece sce i 
Monbana so == ee ee ee 1883-18S5 | 175, 367 isconSin ---------------- = 

Nebraska sce ace 1881-1895 | 28,148 || Wyoming---------------- 1885-18968 
Ne Vadis a= ee 1885-1895 26, 831 otal... 22.22 os eee 2, 387, 361 

i Short periods show the years for which returns are available and do not necessarily include 
the whole time bounties were in force, except in Arizona, Idaho, Montana, Nevada, New Mex- 

ico, Rhode Island, and Utah. 

2 Estimated. 
3 To March 31. 

The cost of a law depends of course on the length of time that it 
remains in force; but it is probable that any act which offers a suffi- 

ciently high premium to insure its enforcement will involve an expend- 
iture of from $5,000 to $20,000 perannum. In the following table are 

given six of the most noted bounty laws passed during the last decade, 
and it will be seen that while all but one remained in force less than 
two years, the expenditures varied from $50,000 to nearly $200,000. 
Such an expense as this could not long be maintained by any State, 
and, with the exception of the Illinois sparrow act and the Montana 

bounty law of 1895, all the laws have been repealed. 

Payments under six recent bounty laws. 
: 

| Aver- 
State. Act. } In force.! anh ee 

Caltornis——-----] eoyvouprach.-.— 2-22-23 22= 72 18 months: Mar. 31, 1891-Sept. 30, |$187,485 | $10, 416 

1892. 

Illinois ---...--.-| Sparrow bounty act--_-_--_- 15 months: Dec. 1, 1891-Feb. 29, | 55,661 3, 710 

1896. 

Montana —--- 25-. Ground squirrel act-_____- 6 months: Mar. 5, 1887-Sept. 13, | 54,578 9, 096 

1887. : 

Do: --5+..---|) Wolf hounty law’. ..-.. 22. 14 months: Feb, 26, 1895-Apr. 21, | 89,871 6,419 

1896. 

Pennsylvania_-.| Scalp act...-"..-=--.=.=2.-- 23 months: June 23, 1885-May 13, |?150,000 6, 521 

1887. 

exag:s 2% 5. iu Protection of farmers -_--- 16months: Apr.,1891-Aug.31,1892_| 50,000 3, 125 

1The time represents the period during which payments were actually made; for example, the 
California coyote law remained in force until January, 1895, and the claims amounted to nearly 

$400,000, but payments ceased on September 30, 1892, and only $187,485 was actually paid. The 

Milinois sparrow law is in force only during December, January, and February. 

2 Estimated. 
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OBJECTIONS TO THE BOUNTY SYSTEM. 

The difficulties encountered in carrying out the provisions of bounty 

laws are so great as to give rise to serious objections to such legisla- 

tion. No rewards for killing wild animals are paid by the General 

Government in this country, for each State has jurisdiction over its 

noxious as well as its useful birds and mammals, and must make its 

own laws for each species. 

Bounty laws may be divided into three main groups: (1) Acts pro- 

viding for the payment of premiums from the State treasury; (2) acts 

permitting rewards to be paid from county treasuries; (3) local acts 

maintained at the expense of township treasuries. Some States have 

found county bounties most effective; others have relied entirely on 

State bounties. In Michigan all three kinds are in operation; boun- 

ties for wolves are paid by the State, rewards for English sparrows 

from the county treasuries, and premiums on woodchucks, hawks, 

crows, and moles by townships. Each method has its advantages, 

and each its defects. The advantages claimed for the State bounty 

are greater uniformity and efficiency; if the bounty is paid by coun- 

ties, its maintenance depends entirely on the interest manifested by 

each county, and the law is seldom enforced in all. A more serious 

defect lies in the varying rates which are sure to be paid and the 

consequent danger that scalps will be carried where the highest rate 

is paid and thus increase the expense in counties which offer high 

premiums. The objection of inequality may be urged even more 

strongly against township bounties. Trouble is sometimes caused in 

States which have large forest or Indian reservations where animals 

can increase, as the adjoining counties are almost sure to receive 

scalps taken on the reservations, and are thus compelled to bear an 

expense which does not belong to them. 

Considerable difficulty is sometimes experienced in raising sufficient 

funds for paying rewards. In some States the premiums are paid 

from the general fund without limitation; in others the bounty law 

carries a specific appropriation. The latter method has been adopted 
in Colorado, Minnesota, Montana, New Mexico, and Wyoming, but 
payments have not always been kept within the limit, and in case of 

an excess, a deficiency appropriation is necessary. To obviate this, a 
clause was inserted in the Texas law of 1891 providing that the act 
should become inoperative as soon as the appropriation of $50,000 
was expended, This had the desired effect of limiting the payments, 
but it practically repealed the law, as the fund became exhausted 

some months before the next meeting of the legislature. Payments 
from the general fund are open to the objection that the counties 
which contribute least toward the expenses of the State are usually 
the ones which draw most heavily for bounties. As such a burden is 
not only unequal, but the benefit which it confers is restricted to a 

comparatively small proportion of the taxpayers, some States require 
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a special tax for the bounty fund. In Montana, where bounties benefit 

the cattle and sheep men almost exclusively, the law of 1895 author- 

ized a special tax of one and one-half mills per dollar on the assessed 
valuation of all horses, cattle, and sheep, in addition to the regular 

proportion of taxes set aside as a State bounty fund. The same 
principle has been adopted in Ohio and some of the counties of Vir- 
ginia where the rewards are paid from a dog tax or some other special 

fund. 

One of the most difficult matters to regulate in connection with 

bounty legislation is the rate allowed for scalps. If the reward is too 
low, there is no inducement to destroy noxious animals, and the law 

becomes practically inoperative. This was the case with the Mon- 
tana act of 1879, which apparently failed entirely, as the reports of 

the county treasurers fail to show the expenditure of a single dollar 

for bounties during the four years the law remained on the statute 

books. If, on the other hand, the rate is too high, the results are 
most disastrous. No treasury can stand the drain caused by a high 

bounty for any length of time. The coyote act of California went 
into effect March 31, 1891, but payments were stopped September 80, 

1892, after $187,485 had been expended. The prairie-dog and squirrel 

bounty law of Montana, passed in 1887, remained in force but six 

months before the funds in the treasury were exhausted. The coy- 

ote bounty of 1892 not only exhausted the regular appropriation of 

$12,000, but necessitated a deficiency appropriation of $17,343 to pay 
the claims which were presented against the State. The Colorado 
bounties of 1889 involved such a heavy outlay that other appropria- 

tions from the same fund could not be paid, and the law was finally 

declared unconstitutional by the supreme court of the State. 

Inequality in the rates offered in adjoining States or counties is 

aimost as bad as a high premium, since sealps are likely to be taken 

from localities where the rewards are low to the nearest county which 

pays a high premium, and which is thus compelled to pay for animals 

which do not belong to it. In 1895 bounties on wolves and coyotes 

varied from $1.50 to $5 in the Black Hillis region of South Dakota, 
while the rewards were $2 in North Dakota, $3 in Montana and Wyo- 
ming, and $5 in Iowa. Not only were scalps sent from one county to 

another, but rewards were claimed in Iowa for coyotes taken in South 

Dakota. While the coyote law was in force in California the pre- 

minum was $5, but in Nevada only 50 cents was allowed. Nevada 
reported the destruction of comparatively few coyotes, but thousands 

of scalps were presented for payment in California, and it was noto- 

rious that many were imported from neighboring States, and even 
from Lower California. 
Not less important than the rate is the proof (which must be sub- 

mitted before the bounty is paid) that the animal has been killed as 
claimed. Many States require the scalps, including the ears, to be 
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produced as evidence, and it is important that these scalps should 

be sufficient to identify the animals without question in order to leave 

no chance for fraud. It will suffice merely to mention a few of the 

ways in which rewards have been obtained fraudulently. Skins of 
dogs or other domesticated animals have been turned in as scalps 

of wolves or coyotes, and in the case of small species, when the heads 

have been aceepted in one county and the tails demanded in another, 

the bounty has been coilected on the same animals twice. One of the 

counties in North Dakota, which paid considerable sums for ground 

squirrels, first required the heads as ‘‘scalps;” then the tails; a year 

or two afterwards all four feet, and finally withdrew the bounty alto- 

gether. Ignorance on the part of the bounty official sometimes results 

in the payment of premiums for species to which the law was never 

intended to apply. Dr. B. H. Warren, who has made a careful study 

of the ‘‘scalp act” of Pennsylvania, states that the heads of domes- 
ticated fowls, partridges, pheasants, cuckoos, butcher birds, and even 

night hawks were accepted in some counties as those of hawks and 

owls. 

Such eases as these emphasize the importance of protecting the State 

against imposition. If the bounty is paid by county officers, it should 

be limited to species which are readily recognizable. New Hamp- 

shire offered rewards for hawks supposed to be destructive to poultry 

and other birds, and endeavored to meet the difficulty of identifica- 

tion by requiring the selectmen of the town to certify that the hawks 

were injurious before the bounties were paid, but, as the State treas- 

urer remarked in a recent report, if is not likely that boards of select- 

men were elected op account of their proficiency in ornithology! 
British Columbia, which claims almost complete immunity from fraud- 

ulent payments, restricts the premiums to wolves, coyotes, and pan- 

thers, and requires the skull of the animal to be presented at the Pro- 

vincial Museum, where it is examined by the curator before the bounty 

is paid. In some States the law demands the entire skin to be brought 

in for examination; such skins are canceled to prevent them from 

‘being presented a second time, and then returned to the owner. In 

practice this method is likely to increase rather than diminish fraud, 
for the reason that skins are not canceled uniformly. In Vermont 

wolf skins are marked by punching two holes a quarter of an inch in 

diameter in the ear; in Wyoming a single hole half an inch in diam- 

eter is punched in the ear, or sometimes a small hole in the foot; in 

Utah the skins are canceled by cutting the letters B P an inch and a 
half in length in the neck. Thus, Wyoming skins, which had been 
canceled by a hole in the foot, might be presented in Utah if the feet 
were removed, and the heads could then be cut off and sent to a State 

which required only the scalps. It is true the applicant is usually 

required to state under oath where the animal was killed, and in 

Montana he must also file affidavits of two resident taxpayers of 
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the county who are acquainted with him and who believe the animal 

to have been killed as claimed. The Montana law of 1895 declares 
the alteration or counterfeiting of scalp certificates to be forgery; 
swearing falsely to affidavits, perjury, punishable by imprisonment 

from one to ten years, while patching or presenting punched skins 

is defined as a misdemeanor punishable by a fine not exceeding $500 
or imprisonment for not more than three months. With all these 

precautions against fraud no reference is made to raising animals 

for bounty, a matter which has sometimes given rise to serious trouble, 
but which is expressly mentioned in the laws of only a few States. 

Cases have been recorded in which eggs of hawks and owls were taken 

from the nest and hatched under hens in order to secure premiums 
on the young birds. It was said to be more profitable in lowa a few 

years ago to raise coyotes for the bounty than to raise sheep, and 

Kentucky and New Mexico, recognizing the possibility of breeding 

wolves, required affidavits showing that the animals had not been 

raised for the rewards. 

WHAT HAVE BOUNTIES ACCOMPLISHED ? 

Advocates of the bounty system seem to think that almost any 

species can be exterminated in a short time if the premiums are only 

high enough. Extermination, however, is not a question of months, 

but of years; and it is a mistake to suppose that it can be accom- 

plished rapidly except under extraordinary circumstances, as in the 

ease of the buffalo and the fur seal. Theoretically, a bounty should 

be high enough to insure the destruction of at least a majority of the 

individuals during the first season, but it has already been shown 

that scarcely a single State has been able to maintain a high rate for 
more than a few months, and it is evident that the higher the rate the 

greater the danger of fraud. Although Virginia has encouraged the 

killing of wolves almost from the first settlement of the colony, and 

has sometimes paid as high as $25 apiece for their scalps, wolves were 

not exterminated until about the middle of this century or until the 

rewards had been in force for more than two hundred years. Nor did 

they become extinct in England until the beginning of the sixteenth 

century, although efforts toward their extermination had been begun 

in the reign of King Edgar (959-975). France, which has maintained 

bounties on these animals for more than a century, found it necessary 
to increase the rewards to $30 and $40 in 1882, and in twelve years 

expended no less than $115,000 for nearly 8,000 wolves. 

Attention has already been called to some of the requisites of a suc- 
cessful method of extermination, and particularly to the fact that 
rewards should be paid wherever the animal is found. The bounty 

on wolves and coyotes most nearly satisfies these conditions, as it has 

been more generally paid than that on other species. Every State 

and Territory west of the Mississippi, except Arkansas and the Indian 
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Territory, has enacted laws for the destruction of these animals, but 

the results have not been altogether satisfactory, and the rates have 

frequently been changed. High premiums have been tried in Cali- 

fornia, Montana, and Texas, and found impracticable. Each of these 

States offered $5 for coyote scalps for some time, and the outlay aggre- 

gated hundreds of thousands of dollars. Iowa and Minnesota are the 
only Western States which now pay more than $3 per scalp, and in 

Iowa the rate on young wolves is $2. It has, moreover, been impossi- 
ble to secure the active cooperation of all the States, and where the 

bounty depends on the order of the board of county supervisors it 

may, as in the case of Idaho, become inoperative. 

The larger animals are gradually becoming rare, particularly in 

the East, but it can not be said that bounties have brought about the 

extermination of a single species in any State. Wolves are now 

almost extinct east of the Mississippi River exeept in Florida and a 

few other States, but their present rarity is due rather to the settle- 

ment of the country than to the number killed for rewards. On the 

Great Plains, where civilization has not yet encroached on their 

domain to any great extent, they have not decreased rapidly or even 

perceptibly in some places, notwithstanding the high rewards for their 

scalps. It is perhaps safe to say that coyotes have increased in Cali- 

fornia in the four years which have elapsed since bounties were 

withdrawn, and that the effects of the law of 1891 are hardly per- 

ceptible. 

Maine has encouraged the killing of bears ever since 1830, but the 

returns of the last five years do not show any decided decrease in 

the sealps presented for bounty. New Hampshire has been paying 

for bears about as long as Maine, but in 1894 the State treasurer 

called attention to the large number reported by four or five of 

the towns, and added that should the other 234 towns ‘‘be equally 

successful in breeding wild animals for the State market, in pro- 

portion to their tax levy, it would require a State tax levy of nearly 

two million dollars to pay the bounty claims.” Even New York with- 

drew the rewards on bears in 1895, not because they had become unnec- 

essary, but because the number of animals killed increased steadily 

each year. 

If this is the result when bounties on large animals are paid by 

many States, what can be expected in the case of squirrels, gophers, 

and rabbits, which are immensely more numerous than wolves or 

bears, and against which legislation has been at best extremely desul- 

tory? Ada County, Idaho, waged war on rabbits for seventeen years, 

but after destroying more than a million abandoned the bounty 

method. Iowa, Minnesota, and South Dakota have tried to rid their 

lands of pocket gophers and ground squirrels, but the effect of the 

laws was far more eyident on the county treasuries than on the 

12 A96 3) 
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animals. The destruction of a million ground squirrels in one county 
in Washington did not exterminate the species, and Montana, in killing 

712,192 squirrels and 189,678 prairie dogs in 1887, probably made 

little impression on the total number in the State. In the early seven- 

ties California authorized the levying of special taxes at high rates 
for killing gophers and ground squirrels, and later enacted laws pro- 

viding for the division of certain counties into squirrel districts in 

charge of inspectors, and required owners to kill the squirrels on their 

land or pay for having them destroyed by the inspectors. Systematic 

efforts were made to exterminate these pests, but the attempt was 

abandoned on account of the expense. So little effect had these laws 

that to-day squirrels are practically as abundant as ever, and not long 

ago an inquiry was received from a resident in one of the counties 
which was most active in the work of extermination asking whether 

anything had ever been done to check the increase of the Californian 

ground squirrel! Nearly three million sparrows have been destroyed 

in Illinois during the last five years, and probably as many, if not more, 

have been killed in Michigan since 1887, but the laws have accom- 

plished so little that some doubt exists as to whether the birds have 

perceptibly diminished or not. Some ornithologists in these States 

assert that the decrease is quite noticeable, while others acknowledge 

that the bounties have had little if any effect. 

On the island of Bermuda, which has an area of less than 20 square 

miles, an attempt was made to exterminate the English sparrow only 

ten years after the species had been introduced; but after two years, 

the experiment, which had cost more than $2,500, was abandoned as 

impracticable. In India, where the loss of life and of domesticated — 

animals on account of the depredations of wild animals and snakes is 

enormous, bounties are paid in most of the provinces. The official 

returns for 1893 showed that 2,828 people and 85,131 head of eattle 

had been destroyed by animals, while 21,213 persons and 5,122 head 

of cattle were said to have been killed by snakes. In this year boun-. 

ties to the amount of 117,448 rupees (nominally $58,724) were paid 
for the killing of 15,508 wild animals and 117,120 snakes. Although 
these expenditures have been maintained for twenty years, the num- 
ber of animals annually killed shows no perceptible decrease, and 
it is impossible to estimate what the extermination will finally cost 
the Government. But if bounties have failed to accomplish the 
actual extermination of any species, there can be no doubt that 
they have secured the destruction of large numbers of noxious ani- 
mals, and have done some good in checking the increase of such 
species as wolves and coyotes. If premiums are paid in several 
States, do not involve too great expense, and can only be main- 
tained long enough, they will do much toward the accomplishment 
of the desired end, and may be regarded as a legitimate expenditure 
of public funds. 
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SUBSTITUTES FOR BOUNTIES. 

The unsatisfactory results attained by the direct payment of rewards 

from public funds long ago led to the attempt to gain the same end by 

other means. In colonial times the Indians were encouraged to kill 

wolves and other animals, and the planters were often required to 

destroy a certain number of blackbirds, crows, or squirrels each year 

under penalty of fine. Secalps of crows, squirrels, and even wild-cats 

were received in lieu of taxes, but as this method had some disad- 

vantages in practice the scalp certificates issued by county officials 

were accepted in payment of taxes. 

Competitive hunts and prizes offered by gun clubs sometimes cause 
the killing of a surprising number of birds and animals. In Ohio a 

few years ago nearly a thousand sparrows were killed in one hunt, 

and the Sparrow Club of Stratford-on-Avon, England, reported that 

19,000 sparrows were destroyed during the year 1887. The Virginia 

Field Sports Association distributed $100 in prizes for the killing of 

nearly 1,000 hawks in 1888; this was less than one-fifth what it would 

cost the State for bounties. Prizes offered by the Luzerne County 

Sportsmen’s Club of Pennsylvania in 1895 secured the destruction of 

378 animals, 42 hawks, and 4owls. In the rabbit drives of California, 

which are sometimes paid for from public funds, as many as 20,000 

jack rabbits have been killed inaday. The great danger in the case 

of prizes is that useful and injurious species will be killed indiserim- 

inately, but under proper restrictions this could be avoided, and clubs 

might do much more toward the extermination of animals than is 

now accomplished by bounties. 

Another expedient which has been resorted to, particularly in 

North Dakota, South Dakota, Washington, and Manitoba, is the free 

distribution of strychnine or other poison. The results seem to be 

quite satisfactory, and it is said that more animals are destroyed 

at much less cost than under the bounty system. Reference has 

already been made to the ground-squirrel legislation of California 

which promised so much but accomplished so little on account of the 

expense, notwithstanding the fact that everything was done to render 

the laws effective. 

SUMMARY. 

(1) Bounty legislation has existed in the United States for more 

than two centuries and a half, and has been thoroughly tested in most 
of the States and Territories. 

(2) Rewards have been paid (a) on large animals, such as wolves, 

coyotes, bears, and panthers; (b) on small mammals, particularly 

gophers, ground squirrels, and rabbits; (c) on a few birds, such as 

crows, English sparrows, hawks, and owls. 

(3) This legislation has probably involved an expenditure of over 

$3,000,000 in the last quarter of a century, and the expense seems to be 
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increasing instead of decreasing. Single laws have caused an outlay 

of nearly $200,000 in less than two years, and it is safe to say that 

any act which carries a sufficiently high reward to insure its operation 

will cost from $5,000 to $20,000 per annum. 

(4) Objections to the bounty system may be grouped under four 

main heads: (@) Expense, which is usually out of all proportion to the 

benefit gained, and may be greater than the county or State can 

afford; (b) impossibility of maintaining bounties in all parts of an 

animal’s range for any length of time; (c) impossibility of maintain- 

ing equal rates in all States; (d) impossibility of preventing payments 

for animals imported from other States, for counterfeit scalps, or for 

animals raised especially for the bounty. These objections have 

never been satisfactorily overcome, and most laws have failed through 

one or another of these causes. 

(5) Bounties have not resulted in the extermination of a single 

species in the United States, and have failed even in the island of 

Bermuda, which has an area of less than 20 square miles. 

(6) Rewards for wolves, coyotes, and panthers are now so generally 

paid as to check the increase of these species to some extent, but pre- 

miums on ground squirrels, gophers, and other small mammals have 

accomplished little or nothing, and bounties on birds may do great 

harm by encouraging the killing of useful species through ignorance. 

(7) Extermination of noxious animals is usually slow and can be 

accomplished more effectively and economically through the efforts 

of individual land owners than by the lavish expenditure of public 

funds. 



THE USE OF STEAM APPARATUS FOR SPRAYING. 

By L. O. Howarp, Ph. D., 

Entomologist, U. S. Department of Agriculture. 

GENERAL REMARKS. 

In the article on ‘‘The shade-tree insect problem in the eastern 

United States,” published in the Yearbook of the Department of Agri- 

culture for 1895 (pp. 361-394), the writer urged the adoption of steam 

spraying apparatus in cities and towns where shade trees suffer espe- 

cially from the attacks of insects, and more particularly where the 

shade trees are very large. <A brief description in general terms of the 

necessary points to be considered in the construction of such an appa- 

ratus was alsogiven. Asapartial result, it is to be hoped, of this recom- 

mendation, but also independently, from the obvious necessities of the 

case, a number of steam machines have been adapted or constructed 

for this purpose in northeastern cities during the season of 1896, and 

all have been operated with a considerable degree of success. 

The adoption of steam-power spraying has been a necessary and 

expected outgrowth of the remarkable extension in the use of hand 

spraying machines during the past ten years. At the time when the 

investigation of the cotton caterpillar of the South was begun, just 

before 1880, practically no spraying machines were on the market. 

There were one or two bucket pumps, which, however, were not 

especially designed for work against insects, and one or two cum- 

brous knapsack apparatuses for use against the Colorado potato beetle 

had beendevised. The investigation of the cotton caterpillar resulted 

in the invention, mainly by the late Dr. W. 8S. Barnard, working 

under the direction of Dr. Riley, of a number of machines for field 

distribution of liquid poisons, and above all in the production of the 

‘*Eddy-chamber,” or cyclone, system of nozzles, which has since 

become so prominent in insecticide and fungicide work. The discoy- 

ery at a somewhat later date of the value of liquid applications as 

fungicides with vineyard work brought about the invention and manu- 

facture of a serviceable series of knapsack pumps, and the almost 

simultaneous discovery of the applicability of liquid poisons as a 

remedy against the codling moth and plum cureulio in apple and 

peach orchards started the construction of hand spraying apparatuses 

on a larger scale and mounted upon wheels for orchard work. A still 

later outgrowth in this line of work is the adoption, although as 
69 
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yet to aslight extent, of horsepower attachments, bringing about a 

spray through the slow progress of the horse through the orchard 

MACHINES FOR ORCHARD SPRAYING. 

Probably the first attempt with the use of steam as a motive power 

for the orchard-spraying machine was made in California. The writer 

is informed by Mr. Alexander Craw, quarantine officer and entomolo- 

gist to the State board of horticulture of California, that in the early 

eighties Messrs. Wolfskill and Goodwin, of Los Angeles, each pur- 

chased steam boilers and pumps for spraying their orange and lemon 

groves, the work at that time being directed mainly against the white 

or fluted seale (Icerya purchasi), afterwards nearly exterminated by 

the introduction of the Australian ladybird (Vedalia cardinalis), 

Fic. 1.—Hand apparatus used by J. W. Wolfskill at Los Angeles, Cal. 

and against the black scale (Lecanium olew). After thoroughly try- 

ing the machine, Mr. Wolfskill abandoned it and went back to the 

force pumps, as one man (the one that drove the horse) could pump 

for from one to four lines of hose and shut off the pressure in any 

line not at the time being used. Mr. Goodwin used his machine for 

two seasons and then abandoned it for the same reasons. Mr. Craw 

is not certain as to the exact date of the construction of these 

machines, but thinks that it was probably 1881 or 1882, since Mr. 

Wolfskill proposed to name his machine ‘‘Tomocera,” after the prin- 

cipal chalcidid parasite of the black scale, first described by the 

writer in 1880. The main difficulty found with the steam machines 

was in regulating the force. As long as there was an abundant dis- 

charge, the pump would work all right, but it was found to be most 
difficult to shut off or reduce the nozzles to a very fine spray. This 
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perhaps could have been overcome with a ‘‘ governor” or fly wheel, to 

steady the stroke, but there was, as previously stated, no saving of 

labor, since with the best hand force pumps the work of pumping was 

not very hard. 
The hand-pump spraying outfit adopted by Mr. Wolfskill after he 

abandoned his steam spraying machine was illustrated (Pl. V, Report 

of the Entomologist) in the Annual Report of the Department of Agri- 

eulture for 1886. We have been unable to secure an illustration of 

the abandoned machine, but reproduce (fig. 1) the figure of the hand- 

power substitute, which is interesting from several standpoints, per- 

haps particularly on account of the ingenious wheel ladders adopted 

for use on old orange trees, which are obviously impossible to climb. 

This arrangement has since come into more or less general use for 

other purposes. 
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Fia. 2._Side view of steam apparatus constructed by Stephen Hoyt’s Sons, New Canaan, Conn. 

The difficulties encountered by Messrs. Wolfskill and Goodwin may 

have been anticipated by others to such a degree that other experi- 

ments in this line were not soon made, or, what is more probable, the 

use of hand apparatus was found so satisfactory that the necessity 

for the use of steam power was not apparent. At all events, no experi- 

ments in this line have come to our attention down to 1894. In this 

year Stephen Hoyt’s Sons, of New Canaan, Conn., had an apparatus 

constructed for use on their own estate, where fruit and ornamental 

trees and vines and plants of a number of different varieties are 

grown.' Under date of August 1 these gentlemen wrote that the 

'This is the machine shown by Mr. Lodeman in his book on The Spraying of 

Plants, Macmillan & Co., 1896, p. 194, as ‘‘ the first successful spraying outfit using 

steam power.” 
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machine ‘‘is still found to be very useful, and it is particularly liked on 

account of the ease and rapidity of operation, the pump being capable of 

throwing a good stream over the tallest trees.” The details of this appa- 

ratus were given in the Nineteenth Annual Report of the Connecticut 

Agricultural Experiment Station, 1895 (pp. 210-213). The facts con- 

cerning the machine, as communicated by Messrs. Hoyt, areas follows: 

* * * The boiler was made by Charles W. Foster, in New Haven, and will 

generate steam sufficient to produce five or six horsepower at a pressure of 100 

pounds. The cost was $200. The pumps were made by the Marsh Steam Pump 

Company, Battle Creek, Mich. We got two pumps, size BB, and intended to run 

them both for spraying. I had one arranged to feed the boiler and to spray also, 

. but found this did not work satisfactorily, so bought another, two sizes larger 

(size D), using the smaller pump for boiler feed only. The BB size is quoted at 

$50, less 50 per cent. This is too large for a feed pump to a boiler of this capacity, 

F1G.3.—Perspective view of steam apparatus constructed by Stephen Hoyt’s Sons, New Canaan, 

Conn., in operation. 

and did we not have it, would have bought the smaller size, which is quoted at 
$30, less 50 per cent. 

Our 300-gallon tank was made by George F. Johnson, New Canaan, Conn., and 

is partitioned off to hold 75 gallons of water to feed the boiler, and 225 gallons of 

mixture for spraying. This tank was bolted and ironed all through, and cost $40. 

Our hose, from the Mineralized Rubber Company, was three-fourths inch; but we 

advise getting one-half inch hose, as the strain is not so great, nor is it so heavy to 

handle. We used two lines of hose, each 100 feet long. The McGowan nozzle 

does very good work, and is quite economical with the solution. We also found 

the Daisy nozzle, made in New Haven, excellent for tree spraying. 
Although our boiler uses coal or wood for fuel, we bought it partly for another 

purpose, and would advise for spraying simply to use a boiler heated by oil, as 
much more convenient. For a boiler feed-pump would suggest the Marsh, size B, 
and for spraying, a duplex high-service pump, or one that would givea pressure of 
at least 150 pounds, such as are made by Worthington, Dean, Knowles, or Snow. 
The total cost of an outfit would average from $275 to $375, according to size, 

Illustrations of this machine are given in figs. 2 and 3. 
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Perhaps the next experimental steam apparatus for orchard work 

was built by W. R. Gunnis, of San Diego, Cal. This is the machine 

which was briefly described in Insect Life (Vol. VII, p. 413), under the 

caption ‘‘Spraying on a large scale.” The machine was probably con- 

structed a little later than that of Messrs. Hoyt, but during the same 

year (1894). It was designed by Mr. Gunnis’s son, R. H. Gunnis, and 
we were informed in August, 1896, that it was at that time the only 

practical power sprayer in operation in California, except an exact 

copy of it built by the Union Gas Engine Company, of San Francisco 

(now in use at Riverside by Mr. Felix Havens), from drawings taken 

from this machine in its unimproved state while at work in Santa 

Barbara, in 1895. Mr. Marlatt, however, visiting California in No- 

-yember, found an admirable machine at work at the Las Fuentos 

ranch, Santa Barbara, under the direction of Mr. F. Kahler, copied in 

oR 

Fic. 4.—Right-hand side of steam spraying machine constructed by W. R. Gunnis, San Diego, Cal. 

the main from the Gunnis machine. We have received excellent 

photographs of this machine in operation through the kindness of Mr, 

Kahler, but unfortunately too late for reproduction. 

The details of the Gunnis machine are as follows: 

The pump for delivering spray material is of horizontal, double-cylinder, plunger 

type, capable of working against a pressure of 250 pounds to the square inch, and 

is operated by a 1-horsepower gas engine. A large tank of 100 gallons capacity 

contains spray fluid, a small square tank contains gasoline sufficient to run the 

engine one or two days, and the other tank contains water, which is circulated by 

a small pump around the cylinder of the engine, thence through a coil inside of 

the main tank, where it is cooled, then back into its own tank. 

In the rear of the pump is an air chamber and a pressure gauge, and at the 

extreme end of the platform are connections with stopcocks for four or more lines 

of hose. Forward from the air chamber runs an overflow pipe into the supply 

tank, having in it an adjustable relief valve, which maintains a normal pressure 

when some of the spray nozzles are shut off. The overflow is delivered through 

two nozzles set at an angle, thus keeping the mixture continually agitated. 
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In order to obviate frequent stoppage for the purpose of refilling the tank, the 

machine is provided with a tender—a 50-gallon tank hung between low, broad 

wheels and drawn by one horse. 

On the left side of the machine is shown a rotary pump driven by a belt from 

the engine, running over a friction clutch pulley, the discharge pipe of this pump 

being carried into the top of the main tank and the suction extending below the 

bed of the wagon. 
The spray material is mixed in the tender, which is driven alongside the machine, 

and connection made by a length of suction hose to the rotary pump; the pump 

is thrown into gear, and in two minutes the 50 gallons of mixture is transferred 

to the main tank without interfering in any way with the work of the sprayers. 

The spray nozzles are placed on the ends of extension rods of one-eighth or one- 

fourth inch pipe covered with bamboo, each rod having a globe valve at its hose end. 

The usual crew consists of six—four sprayers, a driver, and a boy to drive the 

tender. In ordinary work two rows of trees are sprayed at a time, two men toa 

tree, but if the trees are very large eight sprayers may operate economically. 
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Fic. 5.—Left-hand side of steam spraying machine constructed by W. R. Gunnis, San Diego, Cal. 

Mr. Gunnis writes that this machine has proved to be an entire 

success, both for efficiency and economy, and some very large orchards 

have been treated with it where a hand pump would have been entirely 

useless. 

Both sides of the Gunnis apparatus are shown in figs. 4 and 5. 

It will be observed that according to Mr. Gunnis the machine built 

by the Union Gas Engine Company, of San Francisco, was designed 

from the unperfected Gunnis machine of 1895. The Pacific Rural 

Press, June 15, 1896, gives a figure of what is practically the same 

machine, which we have reproduced (fig. 6), with the statement that it 

is a gasoline spraying plant recently construeted by the Union Gas 

Engine Company for the Las Fuentos ranch of Santa Barbara. The 

machine is said to be designed by Arthur Bell, consulting engineer of 

the Aleatraz Asphalt Company. It is described as follows: 

The plant consists of a 1-horsepower Union gasoline engine, to which is connected 

a special double-acting pump, so arranged as to draw from the solution tank and 
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force into a vertical receiver at a pressure of 250 pounds per square inch. At the 

receiver is a by-pass, so arranged that the extra solution which is not immediately 

carried off through the spraying nozzles is returned under pressure to the solution 

tank, and keeps the same constantly agitated. The circulating water for the 

engine is carried in the lower square tank, and after passing around the cylinder 

it is returned through a coil in the solution tank to its starting point, being in this 

way used over and over again. The small oblong tank on top of the water tank 

coutains the small amount of gasoline necessary to run the plant for a day. 

The whole is set on a wooden base, covered with a galvanized sheet-iron pan, 

and is of a suitable size to go on an ordinary wagon running gear. The hose con- 

nections, of which there are four, are at the rear end of the wagon, thus being in 

a convenient position for operation. 

The compound tank has a capacity of 100 gallons, the weight of the entire outfit 

being about 750 pounds, and is put upon the market, complete, for $350. The illus- 

tration represents the first one built, which is now in use and giving satisfaction. 

The Shipman Engine Manufacturing Company, of Rochester, N. Y., 

which has for a long time beer building engine devices for farmers for 

use in cutting and grinding feed, for sawing wood, for the dairy, and 
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Fic. 6.—Details of steam spraying machine constructed by Union Gas Engine Company, San 

Francisco, Cal., on the lines of the Gunnis machine. 

for other purposes about the farm, built during the winter of 1895—96, 

a spraying engine which was placed with the Massachusetts Agricul- 

tural Experiment Station, at Amherst. The apparatus consisted of 

the Shipman spray pump connected with a 150-gallon tank mounted 

on springs on a low-wheeled truck. The machine was used by Prof. 

8S. T. Maynard, of the Agricultural Experiment Station at Amherst, 

with paris green, bordeaux mixture, and kerosene emulsion. No 

trouble was experienced in reaching the tops of trees with the spray, 

and the apparatus was considered by Professor Maynard to be suc- 

cessful. The greatest disadvantage was found to be the loosening of 

the joints of piping, owing to the racking of the wagon. This, how- 

ever, is a matter which could be easily remedied. Professor Maynard 

found that the great advantage of the machine over the hand or geared 

pump consisted in the fact that the full power can be applied quickly 

and shut off quickly, and can be run whether the tank is moving or 

stationary. No difficulty was found in throwing two streams contin- 

uously and in covering both sides of a row of apple trees as fast as the 
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team moved among them. We have no illustration of this machine. 

The engine-manufacturing company advise using an automatic oil- 

burning boiler, although the engine may be fitted with a light improved 

coal or wood burning boiler with a spray pump and special pattern of 

steam pump, designed solely for the purpose, having all parts with 

which the liquid comes in contact made of phosphor-bronze to avoid 

corrosion. No. 1 has a capacity of 8,000 or 10,000 gallons per day of 

ten hours, and No. 2 has a capacity of 20,000 to 25,000 gallons for the 

same time. Running constantly at ordinary capacity, No. 1 will con- 

sume about 4 gallons and No. 2 about 8 gallons of oil per day. The 

price of No. 1, mounted, including a 200-gallon fluid tank, tool chest, 

and agitating device, without hose and nozzles, is $260. No.2, mounted 

the same way, is $400. 
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Fic. 7.—Steam spraying machine used by T. B. Wilson, Hall’s Corners, N. Y. 

The machines just described are the only ones which have been 

constructed for orchard use of which, after considerable correspond- 

ence, we have been able to learn exact details. Others, however, 

have presumably been constructed, and, in fact, Mr. T. B. Wilson, of 

Ontario County, N. Y., describes, in the Rural New Yorker, July 4, 

1896, a machine (fig. 7) which he has had constructed and which he 

has operated, in the following words: 

Last winter I secured a spraying outfit. consisting of a 1-horse Acme engine 

complete, placed on a frame so that it could be fastened on a platform built for a 
common lumber wagon, with one small can for the oil and another for the water 
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supply of the engine. On the back part of the wagon we have a cask that will 
hold about 150 gallons of water, and from the engine we run a brass rod through 

the bottom of the tank with two paddles fastened to the rod on the inside of the 

tank as an agitator—and it is a good one. The steam generated by the engine is 

conveyed in a pipe to a steam pump (solid brass), and this steam pump does the 

spraying. 

It takes one man or boy to drive the team, two men to operate the nozzles (we 

use two nozzles of 4 vermorels each), and one to care for the engine. My boy, 13 

years old, with the old team, went out among my neighbors. He took charge of 

the engine; the farmers furnish the other help and all the material, pay $5 per day 
for the use of the rig, : 

and are much pleased 

to get it at that price. 

The common price here 

for spraying is 4 cents 
per tree for each spray- 
ing, the sprayer to fur- 

nish all materials. 

With this machine we 

can spray 500 trees, 25 

years old, in a day, do- 
ing it much better than 

by hand. The engine 

carries 100 pounds of 

steam, aud the relief 

valve is set so that each 

hose gets 70 pounds 

pressure to the square 

inch. I really think 

that this is the best 

method yet devised for 

doing thorough work. 

We have a fine spray, a 

good agitator, and a 

good 1-horse engine for 

other purposes. 
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Fig. 8.—Geared automatic sprayer used by J. S. Lupton, Win- 

use of steam spray- chester, Va. 

ing outfits for or- 

chard purposes. It is not likely that the proprietor even of a reason- 

ably large orchard will go to the expense of first cost of constructing 

a steam spraying apparatus when he already has a hand apparatus 

which accomplishes the work economically and with a reasonable 

amount of expedition. In fact, one of the most successful apple 

growers in Virginia, Dr. John 8. Lupton, of Winchester, Va., has told 

the writer that he would have no use for a steam apparatus. Dr. 

Lupton, it should be understood, owns a 40-acre orchard of fine New- 

town pippins, which he sprays two or three times every year by means 
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of the machine illustrated by fig. 8. This is a simple apparatus, which 

sprays by means of an automatic gearing, the motion of the wheels of 

the tank cart imparting the impetus to the pump by means of a gear 

chain and sprocket wheel. He runs two lines of hose from his pump 

and directs them both at the same tree as the horse moves slowly 

between the rows. One spray is directed at the top of the tree and the 

other at the bottom of the same tree. In this way one side of an 

entire row is quickly sprayed, and the horse returning upon the other 

side this is also sprayed in the same manner. It would seem difficult 

to spray thoroughly in this manner, but Dr. Lupton has had the best 

results from his sprayings of any fruit grower of ouracquaintance. No 

further proof of this statement is needed than the fact that he will 

_ this year pick 1,200 barrels of unspotted apples from his 40 acres. 

So perfect is their condition that he has been offered $5 per barrel 

for the lot. This result has been obtained in what is called an “‘ off 

year” for apples in the State of Virginia. 

The steam apparatus in orchards, however, will be used in the man- 

ner Mr. T. B. Wilson has used his. A man with small capital and 

some mechanical skill has a chance to make money as a publie sprayer 

in a fruit-growing region, and we confidently expect to see the use of 

steam apparatus developed along these lines to a striking extent. 

MACHINES FOR SPRAYING SHADE TREES IN CITIES AND TOWNS. 

The other phase of the subject is the use of such apparatus in cities 

and towns for spraying the shade trees. In a large city, where fre- 

quently many thousands of trees are to be sprayed in a short time 

(the shorter the better), a single steam spraying apparatus will do the 

work of many hand machines. The writer has repeatedly urged the 

construction of such an apparatus for shade-tree work in the city of 

Washington, but has failed to command the needed interest from 

persons in authority. 

It is interesting to contrast with this experience the enlightened 

energy shown by the Forestry Club of Farmington, Conn. ‘This soci- 

ety has constructed at its own expense an apparatus (fig. 9) which is 

described by the secretary, Mr. H. H. Mason, as follows: 

The outfit consists of a platform 14 feet long, 5 feet wide, made of 2-inch plank, 

with two 4 by 6 inch timbers, one on each side to strengthen the floor and make a 

ledge to prevent tools and such things from falling off. This platform is mounted 

on a set of wheels with rims 6 inches wide and about 24 and 28 inches in diameter, 

the wheels so arranged that the machine can be turned very short. 

The solution tank is an upright cypress tank, built of 2-inch plank, and arranged 

’ with iron bands that can be tightened with a wrench as occasion requires to take 

up shrinkage, the tank being 4 feet in diameter and 4 feet high, with a capacity 

of 325 gallons. 
The pump and boiler was made by the Blake Manufacturing Company of Boston, 

and consists of an upright tubular boiler 22 inches in diameter and 4 feet high. 

The pump is of the direct-acting type, with steam cylinder 4 inches and water 
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cylinder 24 inches in diameter. The pump is brass lined and fitted throughout 

with brass. It is capable of delivering two streams of water at a pressure of 150 

pounds, with boiler pressure of 90 pounds. 

The machine is fitted with pressure gauge and relief valve to prevent bursting 

the hose in case the hose be suddenly shut off, the pressure gauge’s principal value 

being to show at a glance if the pump is doing its full duty. 
Our hose is 24-inch, heavy mineralized, and will stand 200 pounds pressure ; the 

couplings must be extra strong and strongly put on. 
A barrel of water for boiler feed is carried on the platform. Our experience 

points to the desirability of having the boiler feed pump separate from the steam 

pump and worked by hand. 
A small spraying pump (so called) fastened to the side of the solution tank with 

hose connections to water barrel and boiler feed cock will prove more convenient 

and economical of time. This can be worked by the driver when necessary. 
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Fic. 9.—Steam apparatus owned by the Farmington Forestry Club, Farmington, Conn. 

McGowan nozzles are used. A 35-foot extension ladder, also a 40-foot extension 

with extra tip 10 feet long, completes the outfit. 
These are carried on each side on the timbers before mentioned. The timbers 

extend 3 feet in rear of the platform, and are used to hang the coils of hose on. 
The boiler stands directly over the rear axle, and is fired from the rear end of 

the wagon. Much difficulty was experienced with the lime solidifying in the 

pump until we placed a large strainer of very fine brass-wire cloth over the suc- 

tion in the tank, the sides of the strainer being of board, with the cloth nailed 
firmly to the edges. It is very efficient and cheap, and is economical, as it saves 

any manipulation of the lime, such as straining, etc. No trouble by clogging has 

since been experienced. 
We find the stirring of the solution is best done by hand, the driver attending to 

that with a wooden paddle through a hole 14 inches square in the top of the tank. 
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A poppet safety valve should be used in place of the lever valve usually sent, on 

account of the jarring, dislodging the weight on the lever and consequent strain 

on the boiler. 

Two poles, 16 feet and 24 feet, with hose attached, are used on all trees not over 

35 feet high, and on the lower branches of large trees, and by saving the climbing 

facilitate operations very much. 

As the direct outcome of the extraordinary abundance of the elm- 

leaf beetle in the Connecticut River Valley and its northward exten- 

sion up this valley during the season of 1895, steam-power spraying , 

machines have been constructed by the cities of New Haven, Spring- 

field, and, we are also informed, by Holyoke. 

The Springfield apparatus is a compact little machine, to be drawn 

by one horse, and is illustrated by fig. 11. It was built at a local 

machine shop, and consists of a boiler, pump, and barrels mounted 

= 

| 
HN 

Fia. 10.—Steam spraying apparatus constructed by the city authorities of New Haven, Conn. 

upon an open low-hung wagon frame. A small 7-horsepower boiler 

connected with a Deane pump of 3 horsepower takes up the rear part 

of the wagon, and in front are the barrels for holding fluids, one for 

water and the other for solution, the latter holding 120 gallons. The 

apparatus is fitted with 200 feet of three-fourths-inch hose, with Nixon 

spraying nozzles. The machine is economical and compact. 

With the consideration of the New Haven city apparatus a new 

principle comes in. <A large 4-wheel steam road engine, especially 

constructed, however, for this purpose, is coupled to an ordinary 

street-watering tank, in which the spraying mixture is kept in solu- 

tion. It makes a heavy load for two horses, but six lines of hose are 

operated at once, and a very strong stream may be thrown from each. 

The details of this apparatus may be gained from figs. 10 and 12. 
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This machine has been very successful in treating large elm trees in 

_ the city of New Haven. In this city the spraying problem is a seri- 

ous one. No less than 14,000 elms, many of them 75 to 100 years 

old, have to be sprayed in a minimum of time. 

A steam spraying machine has been used successfully during the 

past season in the large and beautiful Prospect Park, in Brooklyn, 

N. Y. This machine was conceived by Mr. J. A. Pettigrew, superin- 

tendent of parks, and was an outgrowth of the inadequacy of hand 

pumps. It is simply a steam pump on wheels, a street-sprinkling 

tank, and a one-horse supply wagon. Both pump and carriage are 
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¥ia. 11.—Steam spraying machine constructed by the city authorities of Springfield, Mass. 

minute mounted on a portable engine truck, the engine being re- 

moved. Both are stock goods and obtainable at any pump-manufac- 

turing concern. The park workmen fitted up the attachment for hose 

connections. The pump truck is attached to the sprinkling wagon, 

which holds the poison, the capacity of the tank being 600 gallons. 

The tank itself is an old one, condemned by the street department of 

the city. The tank and attached truck and pump are easily handled 

by a pair of horses. The pump earries four lines of three-fourths- 

inch hose, one connected with the tank, to agitate the mixture, and 

three for spraying. The suction pipe is 3 inchesin diameter. A sup- 

ply wagon with all that is necessary to carry on the work of spraying, 

such as tubs and barrels for mixing the poison, is drawn by a single 

12 aA96——6 
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horse. Comparing the work of this machine with the old hand pumps, 

Mr. Pettigrew says that while there is probably loss in material it is 
more than compensated for by the speed in spraying. Speaking of 

this apparatus, the deputy park eommissioner, Mr. Henry L. Palmer, 

said to a reporter of the New York Tribune: 

This is the only sensible way of dealing with this important matter. We have 
so many trees that it is necessary to deal with them in a wholesale way. The 
work can not half be done with hand pumps in the old manner. We have many 
trees that could not be reached in that way atall. With the steam apparatus, 
however, we are able to send a good stream to the tops of the tallest trees in the 
park, and to do the work effectually. 

Rather in the same line, but simplifying matters still more, is the 

Fic. 12.—Near view of couplings and details of steam spraying apparatus constructed by the 

city authorities of New Haven, Conn. 

plan adopted by Lieut. William Weigel, U. 8. A., in charge of the 
grounds of the United States Military Academy, West Point, N. Y. 
(fig. 15). There the elm-leaf beetle has annually for many years 
past partially defoliated the elm trees, and in the writer’s article on 

‘Phe shade-tree insect problem in the eastern United States,” quoted 

above, mention is made of the work of Gen. John A. Wilson, U.S. A., 

some years ago, at the time when he was Superintendent of the Mili- 
tary Academy. He used the steam fire engine of the post, knocking 

the insects from the trees by means cf a strong stream of water. 
Lieutenant Weigel has used the poisoned spray, but has utilized a 

steam fire engine in just the manner suggested by the writer on page 
383 of the Yearbook for 1895, although the idea occurred to him inde- 

pendently and without suggestion. He coupled an unused steam fire 
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- engine to an old tank formerly used for disinfecting soldiers’ clothes. 

The tank was mounted on a wagon frame. Two 200-foot lengths of 

three-fourths-inch hose were attached to the engine, and by this means 

all trees in a radius of 500 feet were reached. He used the straight 

nozzle instead of a sprayer, finding that the latter scattered the stream 

too much and did not allow the mixture to be carried far enough. 

Each tree was sprayed very carefully by men on ladders, and he found 

that about 40 gallons of mixture thoroughly sprayed a single tree. 

Fic. 13.—Near view of couplings and details of steam spraying apparatus used in Prospect 

Park, Brooklyn, N. Y. 

About 50 trees were sprayed ina day. Four men were utilized in 
this work, viz, an engineer to run the fire engine, a teamster to drive 
the supply wagon, and two men to handle spray nozzles. The writer 

visited West Point late in July, 1896, and the condition of the trees 
at that time indicated that Lieutenant Weigel had been eminently 

successful in his treatment. 
One objection to most of the city shade-iree machines which we 
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have so far described has been the fact that the engines are too large 

and noisy. As has been found to be the case in New Haven, it is 

necessary to temporarily close the street upon which they are at work 

in order that passing horses may not be frightened. The noise diffi- 

culty has been overcome by a very beautiful and compact little appa- 

ratus which has been especially constructed for the department of 

public parks of the city of New York, under the supervision ef Dr. 

E. B. Southwick, the entomologist of the department. (This appa- 
ratus is shown by Pl. I.) Dr. Southwick had previously conducted . 

extensive spraying operations by means of a hand-power pump. The 

old hand apparatus which he used prior to the present season affords 

a vivid contrast to the present machine. The motor and pump of the 

new machine weigh about 300 pounds. The fuel (gasoline) for a 

Fic. 14.—Steam spraying apparatus constructed by the Shade and Fruit Tree Protective Associa- 

tion of New York. 

day’s work is carried in a gallon can. Witha small alcohol torch the 

lamp is lighted, which heats the platinum cap red hot. This cap is 

hollow, and the gasoline vapor explodes when it comes in contact with 

it, and in this way drives the piston. The motor is known as the 

‘* Daimler,” and is one which is extensively used in naphtha launches. 

Two sections of one-fourth-inch hose with three nozzles on each have 

been used this summer, but four sections with twelve nozzles may be 

used if necessary, as the pump supplies 60 pounds pressure. The 

pump used by Dr. Southwick is a 3-piston Gould pump, the smail- 

est size made of the pattern, and at a pressure of 60 pounds. He 

informs the writer that if he were to buy another pump he would get 

a size larger, so as to use more of the power of the motor. As it is, 
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Fic. 1.—STEAM SPRAYING APPARATUS USED BY THE DEPARTMENT OF PUBLIC PARKS 

OF NEW YORK CITY. 

FiG. 2.—VIEW (FROM OPPOSITE SIDE) OF STEAM SPRAYING APPARATUS USED BY THE 

DEPARTMENT OF PUBLIC PARKS OF NEW YORK CITY, IN OPERATION. 
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his motor does not work more than half of its power. The tank shown 

in the machine illustrated holds 100 gallons. -It might easily be con- 

structed to hold more, and would be so constructed except for the 

fact that in Central Park the machine has to run over the lawns, and 

hence it is desirable to have it as light as possible. Besides supply- 

ing the nozzles, however, Dr. Southwick is in the habit of cooling the 

motor with the surplus liquid. This motor has been used the entire 

summer without trouble, and Dr. Southwick states that for his work 
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Fia 15.—Opposite side of steam spraying apparatus constructed by the Shade and Fruit Tree 

Protective Association of New York. 

in the large parks and running about the city he knows of no machine 

that compares with it. The motor costs $250,and the pump about 

$50. The total cost of running the machine a day amounts to but a 

few cents. It is comparatively safe, and a tyro can run it. It is 

almost noiseless, and is used with the utmost safety on the Central 

Park drives, where the slight noise made by the motor is not noticed 

by the horses. Readers of this article acquainted with the Mall in 
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Central Park will appreciate the havoc which might be created by a 
neisy steam engine. 

We have elsewhere referred to the growing idea of community spray- 
ing, or to the building of a steam spraying apparatus by an individ- 

ual who operates it at a fixed rate per day in orchard work. A similar 
development of shade and ornamental tree spraying is also gradually 

being brought about. In a paper read before the Association of 

Economic Entomologists, at Springfield, Mass., in the summer of 1895 

(see Bulletin 2, new series, Division of Entomology, pp. 40-47), the 
writer referred to the work of W. 8. Bullard, of Bridgeport, Conn., 

in this direction, and anticipated an increase in spraying as a business. 

The same point was brought out in the Yearbook for 1895 (pp. 

383-384). The defect in this plan, as there pointed out, arises from the 

fact that not all property owners or residents can afford to employ a 

tree sprayer, while others are unwilling, since they deem it the busi- 
ness of the authorities or do not appreciate the value of tree shade. 

This defect, however, is anticipated only from the standpoint of 

complete protection, and there are undoubtedly many wealthy resi- 

dents in our larger cities who will gladly pay an individual or a com- 

pany te spray the trees upon their own grounds, or, in case of lack of 
enterprise on the part of city authorities, the street shade trees in 

front of their houses. Taking advantage of this condition of affairs, 

there was established in New York City during the winter of 1895-96, 

a company entitled ‘‘The Shade and Fruit Tree Protective Associa- 
tion,” which has had several excellent steam spraying machines con- 

structed, and has done during the summer of 1896 a very considerable 

amount of tree spraying. The first work carried on by this company 

was done under contract with the Yale University authorities by 

spraying the very large and beautiful elms upon the Yale College 

campus. ‘The writer witnessed the initial experiments in early July, 

studied the machine, and secured photographs from which the illus- 

trations of figs. l14and 15 werereproduced. The machine used by this 

company is a most excellent one. The tank, which has a capacity of 
300 gallons, is mounted upon a strong platform 10 by 4 feet in dimen- 

sions, the wagon trucks being especially constructed for it and fitted 

with broad-tired wheels. The engine has a capacity of: 4-horse-power, 

and there are four streams with a discharge pressure of 60 pounds 

each. The hose is three-fourths-inch in 200-foot lengths, and the 
nozzle rods are iron and cach 10 feet long. The McGowan nozzle is 

used. A supply cart, run by a single horse, is in more or less con- 

stant use, and a complete outfit of telescope ladders accompanies the 
machine. The tallest trees on the Yale campus were expeditiously 

sprayed. The engine used was built by the Shipman Company, and 

is cf the type described elsewhere. 
It seemed to the writer that there was with this machine, as with ail 

others which he has had opportunity of seeing, an unnecessary waste 
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of material and a disagreeable amount of dripping from trees after 

spraying. This is in every case due to the fact that the insecticide is 

not thrown as a finely divided spray, but is thrown in a coarse spray 

or a more or less solid stream, which divides upon striking the branches 

and foliage. Inasmuch as in all this large-tree work the operatives 

have to climb the trees, the use of a nozzle which will throw as finely 

divided a spray as possible seems to the writer to be desirable. A 

more thorough wetting of the leaves, particularly of the leaves of the 

elm tree, will be accomplished in this way. As is well known, if a 

large drop of water is thrown upon the under surface of an elm leaf 

the close pubescence of the surface will cause it to run off. A spray 

from a cyclone nozzle, however, is so fine that a complete wetting of 

the surface is brought about by its use, and there is almost no result- 

ant dripping and consequent loss of material. The use of a small hose 

alsoscems desirable. ‘This will be perfectly practicable if a fine-spray 

nozzieisused. The gain in facility of operation with a half-inch hose 

or oven one of three-eighths inch will be very great. To carry a three- 

fourths-inch hose up into a tall tree requires an exertion of much 

muscular strength. The substitution of bambeo supporting poles for 

the iron rods used with the last-named apparatus will also be desirable 

on the same grounds. 

A point which has been brought out in this large-scale spraying is 

the fear of the poison on the part of those who may be employed. 

The writer has made many inquiries regarding possible injurious 

results, but has as yet: heard of only one case which seemed to indi- 

eate that the contact of the spray with the skin may be injurious. In 

this ease a more or less severe eruption of the hands and neck followed 

almost immediately upon a rather thorough wetting with an ordinar 

solution of arsenate of lead (3 pounds to 100 gallons). Another man 

was just as thoroughly wet at the same time without any injurious 

results, and it seemed to the writer that the eruption in the first case, 

which was of a severely itching character and which recurred with 

every hot spell of weather for more than a year, must have been due 

tosome other cause. It will be noticed in the picture of the Prospect 

Park apparatus (Pl. II) that the men are clothed in uniform caps 

and suits and wear rubber gloves. Mr. Pettigrew, who has charge of 
the operations, thinks the gloves entirely unnecessary, but the men 

insist upon using them. 

CONCLUSIONS. 

To sum up, and in conclusion: Aside from the first cost of the appa- 

ratus, spraying by steam power is economical on a large scale. Some 

extensive orchardists may find it worth while to construct such an 

apparatus, since the difficulties experienced by Messrs. Wolfskill and 

Goodwin are overcome in the more recently constructed machines. 

In fruit-growing communities in which many hand sprayers are not 
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already in use, the construction of a steam apparatus will probably 

become a paying investment for an enterprising individual. The 

plan of charging a per diem rate for the use of the machine, the own- 

ers of the orchards to furnish spray materials and labor, aside from 

the running of the engine, seems to us the best plan to adopt, the 

plan of guarantying protection against insect pests having obvious 

disadvantages. 

In any city or town having abundant shade trees it will unques- 

tionably, in the writer’s estimation, pay the city authorities to place 

at the disposal of the street commissioner or superintendent of parks 
sufficient funds for the construction of such an apparatus, for instance, 

as that used by the department of public parks in New York City. 
An expenditure in this direction will be more economical, it would 

seem, in the long run, than the adoption of what may be termed the 

‘‘makeshifts ” used in New Haven, the Brooklyn parks, and at West 

Point. The extreme economy in the operation of such an apparatus 

has already been shown, and the point of its noiseless operation is a 

very important one. 

It will be gathered from what has been said in this article that there 

is a growing appreciation of the value of shade trees and a growing 

interest in their preservation. From both zsthetiec and utilitarian 

points of view they are valuable city property, and the increasing 

publie interest will undoubtedly result in the ultimate adoption of 
the recommendations which the writer made in the Yearbook for 

1899. 



INFLUENCE OF ENVIRONMENT IN THE ORIGINATION 
OF PLANT VARIETIES. 

By HERBERT J. WEBBER, 

Assistant, Division of Vegetable Physiology and Pathology, U. S. Department of 

Agriculture. 

GENERAL REMARKS. 

In traveling from country to country or from section to section 

even a casual observer will notice the different characteristic fea- 

tures presented by plants. The desert traveler notes the prevalence 

of succulent, fleshy plants, and dwarfed, spiny shrubs; the alpine 

traveler observes the dwarfed habit, the showy flowers, and the 

prevalence of woolly, or hairy plants. Desert, prairie, mountain, and 

alpine regions, forests, lakes, and marshes, all have their general 

characteristics, and when these salient features of plants in similar 

regions are found to be the same the world over, one can not but 

infer that it is probable that similar physical conditions produce 

similar results. Indeed, it is a well-recognized fact that different 

soils, climates, altitudes, and locations have an effect on the plant 

and lead to certain characteristic variations. Darwin repeatedly says 

that ‘‘ variations of all kinds and degrees are directly or indirectly 

caused by the conditions of life to which each being, and more 

especially its ancestors, have been exposed.” 
Plants growing in the same region, but of widely different affini- 

ties, are frequently found to present similar characteristics of general 

growth, and this similarity may be carried down to the most minute 

details of structure. A large portion of such structures are of direct 

value to the plant in resisting the deteriorating effects of bad climaie 

and in better adapting it to the conditions of life which it must 

endure. 

While plants in the ordinary sense of the term are motionless, we 

know that they are rapidly spread from region to region, frequently 

to long distances, by the seeds being carried through the agency of 
wind, water, or animals. When a seed is lodged and germinates in 

a region widely separated from that in which the parent developed, 

whether it will manage to thrive will depend upon the physical con- 

ditions of the place in which it is lodged, and the inherent variability, 

so to speak, of the plant. If the seed of a plant which normally 

grows on a moist, rich soil should be lodged in a sandy desert, it may 
89 
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grow and reach maturity if it is capable of varying its normal struc- 

ture sufficiently to meet the necessities of desert life. Certain pro- 

tective adaptations are necessary in desert plants, and introduced 

plants must produce these features to a greater or less extent if they 

are to fit themselves for withstanding the severe heat and drought of 

desert climates. It has been found by repeated observations, and 

has been proved beyond doubt by many experiments, that plants pos- 

sess in a marked degree the faculty of varying to adapt themselves 

to such adverse conditions. 
Cultivated plants are subjected largely to the same condition, and 

will vary in 2 similar manner. The cultivator, however, attempts to 

ameliorate the harsh features of the natural environment, for if the 

soil is sterile it is manured, and if the rainfall is scanty the deficiency 

is supplied by irrigation, or the soil is cultivated to conserve the avail- 

able supply of moisture. Many climatic and soil conditions, however, 

can not be overcome by the cultivator, and therefere the varieties he 

selects must either be adapted to his region or else be capable of suffi- 

ciently varying to adapt themselves to the new conditions, otherwise 

the planting will not be saecessful. 

The general variability of plants to meet the requirements of differ- 

ent regions is well recognized, but the fact that the individuals of the 

same species or variety, growing side by side in the same locality, 

differ from each other is not so generally understood, although this is 

as true as that different varieties and different species are unlike in 

their general characters. If a row of nursery trees of the same variety 

ef apple or orange is carefully examined, one tree will be found to 

branch low, requiring pruning to shape it correctly; another will run 

p tall and unbranched, and will require topping; one will branch 

here and another there, and one will have small leaves and another 

large ones. While in general the individuals are alike, yet a compar- 

ison of any two trees will show many points of difference. Every indi- 

vidual plant has a distinct facial expression, so to speak, by which it 
may be recognized, just as certain characteristic differences in the 

individuals of a herd enable the stock raiser to distinguish one from 

another. The differences are not always describable, but nevertheless 

they exist. It is this faculty of the individual to vary that enables 

plants to fit into the numerous chinks in which they are compelled. 
to grow. 

It is not the intention to discuss here the causes and reasons for all 

variations which occur in plants. There are many variations appar- 

ently without any direct inciting cause, or, as Professor Bailey ex- 

presses it, ‘‘some variation is simply fortuitous—an inevitable result 

of the inherent plasticity of organisms.” Plants are not, as is some- 

times supposed, of fixed habit, that is, unvarying, from generation to 

generation, but are essentially plastic and variable. Fixed types 

have not now the significance they had a few years ago. YFortuitous 
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variation would appear to be more common in plants which have been 

long under cultivation than in those still in a state of nature. These 
variations may be largely the indirect results of changed conditions, 

but in cultivated plants conditions have been so frequently changed 

that it is impossible to refer the variations to any immediate cause. 
Many are probably the outcome of the cumulative results of numer- 
ous changes of external conditions, but this we can only infer to be 

the case. 
Sex is also an important factor in producing variation, and must be 

considered in order to reach an understanding of the great variability 
which exists among plants. The crossing and commingling of the 
characters of unlike individuals result in endless combinations. The 
importance of intelligent crossing in improving the varieties of culti- 

vated plants can not be overestimated, but the variations produced 

in this way do not concern us here. We are at present interested 

simply in those modifications which are produced by change of envi- 

ronment, and a consideration of how desirable changes of this nature 

ean be induced by the inteiligent cultivator. 

VARIATIONS RESULTING FROM CHANGED CONDITIONS. 

The principal factors of environment which are potent in inducing 

marked variations in plants are food supply, water, light, tempera- 

ture, altitude, growth in maritime or saline regions, and change of 

climate. Several of these factors frequently act together in bringing 

about eertain variations. 

FOOD SUPPLY. 

This is probably the most important factor in causing variability, 

both in wild and cultivated plants. Darwin says, ‘‘ Of all the causes 
which induce variability, excess of food, whether or not changed in 

nature, is probably the most powerful.” Thomas Andrew Knight, 

however, was probably the first to clearly enunciate this law, which 

is now generally understood. The great sensitiveness of plants to 

food supply has led to many of our common agricultural practices. 

It is for this reason that we isolate our plants, and cultivate, plow, 

and manure the soil. When seed raisers desire to keep a true stock 

of any one kind of seed, they grow it on poor land without manure. 

The first and most common variation resulting from excessive food 

supply is a general increase in size, which at first is relatively the 

Sarae in all parts of the plant, the leaves, stems, roots, and fruits 

increasing in practically the same ratio. Besides this increase in 

size, which is of great value from a commercial standpoint, a greater 

tendency to vary is also induced. If the excessive nutrition is con- 

tinued during several generations, different parts of the plant will 

sooner or Jater be found to sae in other directions. The seeds, 

fruits, or flowers fer which the plant is cultivated will, in certain 
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individuals, increase in size slightly more than the relative proportion 

as compared with the other members of the plant, and it is by eare- - 

fully watching for these slight variations and propagating from them 

and again selecting from their progeny that many of the valuable 

varieties of our cultivated plants have been developed. Experience 

teaches that when once variation of this nature has set in, other vari- 

ations in shape, texture, color, flavor, ete., which it is desirable should 

appear in cultivated varieties, may reasonably be expected. 

Lack of food results in a reduced size of all organs, and may greatly 

modify the plant. Plants growing for any length of time in soils de- 

ficient in food are greatly reduced in general vitality and the weak- 

ened constitution is apparently transmitted to the offspring. Weak 

and poorly fed individuals produce small seed, with little stored nour- 

ishment, and these in turn necessarily produce seedlings which are 

small, stunted, and poorly fitted for the battle of life. Roujon, by 

selecting and planting only the smallest seeds from the least-developed 

specimens of sunflower, corn, and other plants, obtained in two years 

very small plants. The corn was reduced in size to about 8 inches 

high. As the height diminished the number of seeds decreased, and 
the final result was absolute sterility. 

Mr. Henslow found that seedlings of large seeds, owing to their 

greater vigor, crowd out the seedlings of small seeds. A continual 

selection of the small seeds for several generations, he says, will cause 

the plants to die out altogether by failing to produce seed, or else a 

tiny race of beings will for a time be maintained. These vegetable 

runts, the result of insufficient nutrition and insufficient light, are 

of common occurrence in nature. Mr. B. T. Galloway, by growing 

selected lots of large and small radish seed, found that ‘“‘the large 

seeds germinated more quickly and with more certainty, and produced 

marketable plants sooner and more uniformly than the small seeds.” 

The latter, however, ‘‘gave proportionally larger plants.” In this 

case, which at first thought seems confusing, we see, as Mr. Galloway 

suggests, the effect of long-continued, natural, methodical selection. 

The radish is cultivated for the root, and selection has thus been con- - 

tinually directed to increase the size of this part without attention to 

the seed. If more nutrition is utilized in root development with plants 

of equal vigor, less would probably remain for seed development, 

resulting naturally in small seed. Thus, long-continued selecticn, 

aiming only to increase the size of the root, which is done with some 

detriment to the seed, might be expected to ultimately lead to an 

inherited tendency of the small seeds to develop large piants, and 

vice versa. 

Cuttings, offsets, and any part of the plant used in propagation are 

subject to the same modifications as plants produced from the seed, 

and are individually affected by external conditions. If they are 

weakened and stunted from lack of nutrition, their chance of success 
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is greatly reduced, as they are then more liable to be seriously affected 

by adverse conditions and to become a prey to various diseases. If 

too greatly reduced in size and vigor, no amount of care and attention 

ean lead to success. Abundant inherent vitality is the basis of suc- 

cess in the cutting or offset just as it is in the seed. In the Year- 

book for 1895 (p. 254) Mr. Galloway emphasizes the difference which 

external conditions produce in violet cuttings and the necessity of 

selecting vigorous cuttings. If grown too near salt water or on too 

dry soil, the pineapple slip may be so stunted that the best care and 

attention will fail to revive it, although it may continue to grow slowly 

and ultimately form a small fruit. Strawberry growers find it desir- 

able to exercise considerable care in selecting vigorous plants in order 

to keep up the vitality of their stock. If the new plants are taken 

from beds which have been weakened by attacks of leaf blight or leaf 

spot disease (Spherella fragariw), they almost invariably suffer 
severely from attacks of the same disease and are further reduced in 

strength. 

The advantage arising from cultivators in different sections ex- 

changing seeds, bulbs, and cuttings, which has for years been a 

common practice in many countries, is evidently due to the slight 

benefits derived by the plants from change of soil. Darwin informs 

us that “‘the belief that plants are thus benefited * * * has been 

firmly maintained from the time of Columella, who wrote shortly after 

the Christian era, to the present day.” 

Bailey considers that ‘‘ much of the rapid improvement in fruits and 

vegetables in recent years is due to the practice of buying plants and 

seeds so largely of dealers, by means of which the stock is changed.” 

However, if the food elements were present in every soil in the same 

quantities, it is not probable that any benefit would result from this 
practice. There is some evidence to show that where artificial manur- 

ing is practiced there is apparently no necessity for a change of seed, 

as no noticeable benefit is derived therefrom. This practice in itself, 

however, is a yearly change in the nutrition, as the amount, kind, and 

quantity of the manure used commonly differ each year. Plants in 

nature secure, to some extent, the benefit derived from a change of 

seed by the various devices for accomplishing their dissemination. 
Indeed, it may be that these numerous devices have been developed 

partially through the benefits derived by a change of soil in keeping 

up the vitality of the species, instead of being, as is commonly sup- 

posed, an attempt on the part of the plant to simply disseminate the 

seeds that they may have room to develop. 

It is probable that the physical character of the soil affects plants 

and induces certain variations entirely apart from the effects due 
to the food or water content. Carriére found that by cultivating 

the wild radish, or jointed charlock (Raphanus raphanistrum), which 
has a slightly fleshy root, in rich soil he could produce the common 
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eultivated radish. He further found that the form of the root pro- 

duced depends upon the character of the soil, the round form resulting 
from growing in heavy, close soil, and the long-rooted form from 

growing in loose, light soil. liny is said to have recorded the same 

effect as known and utilized in Greece in his time. These ferms, as a 

result of continuous selection, are now hereditary by seed. 

The differenee in fertility of soils leads to much variation in wild 

plants, and is unquestionably a common cause of differentiation into 

varieties and species in nature. The juniper, or red cedar (Juniperus 
virginiana), which is a common forest tree throughout most portions 

of the United States, has so adapted itself to varying conditions that, 

as Professor Sargent says, it seems equally ‘“‘at home on the dry, 

gravelly hills of New Brunswick and New England; * * * inthe 
fertile valleys of Pennsylvania; on the limestone hills of eastern Ken- 

tucky and Tennessee, where it forms, with stunted and shrubby 

growth, great forests or ‘cedar brakes;’ in the swamps of the Florida 
peninsula, and on the rich bottom lands of the Red River.” If the 
soil is rich and moist, and the trees are not crowded by others com- 

peting for the light, the juniper forms a beautiful pyramidal top, of 

symmetrical outline (fig. 16). This is the common form in the fertile 

valleys of New York, Pennsylvania, Maryland, and Virginia. On 

dry, rocky hills and on barren, sandy soils, where there is a defici- 

ency of water and nutrition, the juniper may grow in equal abund- 

ance and seems to be as thoroughly in harmony with the conditions, 

but in such places it forms a low, spreading, shrubby tree, of entirely 

different habit (fig. 17). 

The effect of the quantity of water in the soil or of growing in a 

water medium is very marked on most plants, but has not been of 

great importance in inducing variations in cultivated plants. Serious 

lack of water (a condition which is found in deserts and sandy regions) 
has given rise to various devices by plants to prevent loss of water by 

evaporation from the leaves, water storage reservoirs in the tissue, 

specialized glands to absorb dew, ete. Desert trees and shrubs are 

commonly stunted, gnarly-stemmed plants, with large root systems. 

The fact that these characters almost invariably disappear (frequently 

in the first generation) when the plants are grown wnere there is an 

abundance of water and food, shows that they were assumed because 

of a lack of these materials. 

The bald eypress (Taxodium distichum) furnishes an interesting 
illustration of the effect of excess of water. The cypress, as is well 

known, grows usually at the present time in swamps and very wet 

places. Geological records, however, show that centuries ago, pre- 

vious to the Glacial epoch, the cypress tree grew in the present 

Aretic region, associated with oaks, mapies, etc. As it was forced 
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southward by the gradual change in climate, competition with other 

trees evidently resulted in its present habit of growing only in 

swamps. Plants growing on dry land secure the necessary oxygen 

needed in root growth from the air, which is always present in the 

soil. Plants growing in the water or on very wet soil, however, 

frequently find it difficult to secure sufficient oxygen, and this has 

led to the development of devices to facilitate the aeration of the 

tissue. Cypress trees growing in water form numerous protuber- 

ances on the roots known. as ‘“‘eypress knees,” which extend above 

the water into the air (fig. 18). By growing numerous seedlings 

of the cypress under varying conditicns, Dr. Wilson has shewn that 

these roots are invariably formed by plants growing in water, and are 

never formed when the plants are grown on fairly dry soil which con- 

tains sufficientair. He conctudes, therefore, that these peculiar organs 

enable the roots of the tree to seeure the necessary oxygen, and are 

developed as a direct result of the habit assumed by the eypress of 

growinginswamps. Itis an interesting fact that this habit of forming 
knees, whieh was acquired centuries ago, has not become hereditary, 

being totally lost the first generation if the tree is grown on dry soil. 

Inswamps and on lake margins, which places are nowits natural home, 

the bald cypress forms a ragged, spreading growth, with large limbs 
and sparse foliage, and is very different from the common type of 

closely reiated pine trees. This also is the result of a lack of oxygen 
and food, as before stated (fig. 18). When the tree is grown on dry 

soil, as it frequently is in parks, where it secures abundant air and 

nutrition, it reverts to the normal type, forming a tall, symmetrical, 

eolumnar top (fig. 19). In this case no knees are developed. The 
difference in the form of the top developed in the swamp and that 

developed on upiands or in parks is evidentiy due to the difference 
in food supply, as in the ease of the juniper. 

Many plants grown in water or on wet soils have developed devices 

similar to cypress knees in order to secure aeration. The black man- 

grove (Avicennia nitida) and swamp mangrove (Laguncularia race- 
mosa), which grow abundantly in tidal marshes in south Florida, 

develop numerous specialized roots, which, instead of growing down- 

ward in the normal way, grow upward to such a height that they are 

exposed to the air a large part of the time, being covered with water 

only at high tide (fig. 20).. The height of these roots above the soil 

varies from 2 to 18 inches, according to the location, and they are 

frequenily very numerous where the trees are crowded together in 

saltmarshes. Ina marsh on Biscayne Key, Florida, where the swamp 

mangrove forms almost the only vegetation, the writer counted 

eighty-three of these roots in a square foct. Their average height 
in this ease was about 5 inches. In some places these trees may be 

observed growing on fairly high and dry soil, in which case the 
aerating roots do not develop. 
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The effect of abundant water and nutrition on the development of 

spines in certain plants is interesting and suggestive. Spininess, as 

already mentioned, is a common characteristic of plants which nat- 

urally grow in dry, barren regions. Lotheler found that by growing 

barberry (Barberis vulgaris) in a moist atmosphere it bore no spines- 
cent leaves, while in an arid atmosphere it bore only spines. Similar 

results have been obtained by a number of experimenters. Many 

plants which are normally thorny, such as roses, plums, oranges, ete., 

are known to frequently lose their spines as a result of cultivation 
and selection. ) 

LIGHT. 

The effect of the light supply in determining the form of plants is 

well recognized. If a grass seed germinates under a tub, the little 

plant does not spread out at random in its growth. If the edge 

of the tub is raised to admit a ray of light, instead of growing up- 

right, as it naturally would, the shoot bends toward the ray of light 

and grows by the shortest path to the opening. After passing into 

the full light it develops its normal form. The form and direction 

of growth of every branch is determined largely by the accessibility 

of light. The form and structure of every leaf also are just as largely 

dependent upon the light supply. Innumerable differences in the 

shapes of individuals of the same species are caused by the struggle 

to obtain light. Branches develop in positions where their leaves 

can be unfolded to the light with the least obstruction. The natural 

round and full symmetry of the tree grown in an open place is due 

to the unobstructed action of the light on branch development. Trees 

have developed their habit of lofty growth by a continuous struggle 

to secure light. The same inciting cause has led to the development 

of the habit of twining in certain plants. Other plants have so mod- 

ified their structure that they are able to secure sufficient light in the 

shade of the forest. Sleep movements of plants are other well-known 

reactions of light. In cultivation, the necessity of light is well ree- 

ognized, and our plans for planting fields and gardens are made with 

reference to the plants used in order to secure the necessary light 

and nutrition for the best development of each individual. 

TEMPERATURE, 

Heat increases transpiration, or the loss of water, by evaporation 

from the leaves, and the modifications induced by this factor of envi- 

ronment are largely to avoid excessive evaporation, as in the ease 

of desert plants, mentioned elsewhere. Tropical plants frequently 

develop their leaves naturally in a nearly vertical position, so that 

one edge or the point of the leaf is turned toward the sun. Thus, at 

noon, when the heat is greatest, the leaf receives the glancing rays 

of the sun and distributes them over its entire surface instead of their 
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striking only a small part, as would be the case were the surface of 

the leaf in a horizontal position. 

Unless too intense, heat hastens growth, while cold either retards 

or entirely checks it. When grown in trop- 

ical regions, many of the common vegetables 

of temperate regions either fail to develop or 

else become unfruitful because of the excessive 

heat. ‘‘To make European vegetables under 

the hot climate of India yield seed,” says Ingle- 
dew, ‘‘it is necessary to check their growth, 

and when one-third grown they are taken up 

and their stems and taproot are cut or muti- 

lated.” 

Very severe cold also causes stunted indi- 

viduals. This effect is seen in alpine plants, 

one of the principal characters of which is a 

dwarfing in general size, or ‘‘nanism.” The 

great aridity and intense light, which are also 

characteristic features of alpine regions, have 

led to modifications in the general structure of 

alpine plants similar to the modifications found 

in plants growing in desert regions. 

For several years Dr. Gaston Bonnier has 

grown many plants both on plains and in 
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Fic. 16.—Juniper, or red 

cedar, pyramidal form 

(Potomac Valley, Washing- 

ton,,D:'C:)). 

alpine regions, and has proved that in all cases plants growing on 

the plains if transported to an alpine region acquire a number of 

definite characteristic 

modifications which 

Fia. 

and of a brighter color. 

17.—Juniper, or red cedar, barren soil form (east 

Florida). 

adapt them to alpine 

life. The roots become 

much larger relatively 

in comparison with the 

top; the stem becomes 

shorter and more hairy, 

with fewer and shorter 

internodes; the leaves 

become smaller, more 

compact, and more 

hairy, with thicker epi- 

dermis and of darker 

color, and the flowers 

become relatively larger 

The common dandelion (Taraxacum offici- 
nale), which grows spontaneously in all latitudes up to the last limits 

endured by flowering plants, illustrates in an interesting manner the 

12 a96 
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variations produced by growth in an alpine climate. An examina- 

tion of fig. 21 will show the reduction in size of a plant, leaves more 

Fic. 18.—Bald cypress, swamp form, with aerating 

roots, or knees. 

nearly perfect, comparatively 

larger size of root, ete. 

EFFECT OF THE SEA. 

Plants grown near the sea, 

where they get the effect of 

the salt air and salt water in 

the soil,vary uniformly in cer- 

tain ways. The effect of the 

salt in the soil is to increase 

the density of the soil water 

and make it more difficult for 

_the plant to secure the neces- 

sary moisture. The plant 

reacts by developing devices 

to store up water and to 

retard evaporation. Lesage 

found that plants growing by 

the sea 

develop much thicker leaves—a device for water 

storage. The leaves of sea kale (Cakile mari- 

tima) grown by the sea were four or five times 
as thick as those of plants grown inland. The 

beet (Beta vulgaris) had the leaves similarly 

thickened in the proportion of eight to three. 

The common gar- 

den pea (Pisum 

sativum) watered 
with salt water 

produced much 

thicker leaves than 

usual. The sea 

grape  (Coccoloba 

uvifera), which is 

a common plant in 

south Florida and 

~ tropical countries, 
will serve aS an 

Fic. 20.—Aerating roots of swamp 

mangrove (Laguncularia race- tion. 

mosa)—one-half natural size. 

F 1a. 19.—Bald cypress, pyram- 

idal cultivated form. 

illustration to show the extent of variation 

produced by the sea and also by cultiva- 

This plant grows very abundantly 

on the sand dunes immediately bordering 

the coast, where it is exposed to the salt spray which is carried by 

the wind from the breakers. The sands of the dunes are very dry and 
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sterile and somewhat shifting in nature. Under these conditions 

the sea grape forms a stunted shrub from 2 to 3 feet high, and com- 

posed largely of unbranched stems (fig. 22). The branching top of 

the tree in this case, however, is largely developed below the sand, 

the groups of upright stems being connected by underground stems. 

Under these conditions the sea grape is remarkably fertile, almost 

every stem forming a cluster of fruit. Its beautiful foliage has led 

to its being cultivated to some extent as a lawn plant, and when 

grown in fairly rich, moist soil it forms a beautiful, upright tree, with 

Fig. 21.—Common dandelion (Taraxacum officinale): a, common form, grown in plains region at 

low altitude; b, alpine form. Both a and bare reduced in the same scale. (Adopted from 

Bonnier.) 

dense foliage (fig. 25), entirely different from the maritime form. 

Under cultivation the sea grape is as yet generally unfruitful, but it 

will probably become more prolific if its cultivation is continued 

until it becomes more thoroughly domesticated. 

CHANGE OF CLIMATE. 

Change of climate, which may involve a change of some or all the 

principal factors of environment discussed above, has led to many 

interesting variations in our cultivated plants. A remarkable varia- 

tion in American corn when grown in Europe is given by Metzger. 

Seeds of a tall variety, obtained from the warmer parts of America, 
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‘during the first year produced plants 12 feet high, which perfected 

a few seeds. The lower seeds in the ear kept true to the parent form, 

but the upper seeds became slightly changed. In the second genera- 

tion the plants were from 7 to 10 feet in height and ripened their seed 

better. The depression on the outside of the seed had almost disap- 

peared, however, and its original white color had become duskier. 

Some of the seeds had even become yellow, and in their now rounded 

form they approached common European maize. In the third genera- 

tion nearly all resemblance to the original and very distinct American 
parent form was lost. 

In the sixth genera- 

tion the maize per- 

fectly resembled a 

European variety.” 

Sterility is fre- 

quently the result of 

changed conditions. 

Alpine plants, though 

naturally very fruit- 

ful, usually become 

sterile when culti- 

vated in gardens,as do 

also many bog plants. 

Excessive manuring 

frequently results in 

Fic. 23.—Sea grape (Coccoloba uvifera), cultivated. sterility by inducing 

excessive vegetative 

growth, but this is a wholly different matter, for the plants referred 

to do not flower. Sterility, which so commonly results from introduc- 

ing plants into cultivation, is from some effect of domestication other 

than running to leaves from excessive food, as they may flower abun- 

dantly, but not set fruit. Continued cultivation, however, in most 
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plants results finally in an increased fruitfulness over what was pro- 

duced in a state of nature, and this, as is plainly seen, is the keynote 

to cultivation. Bailey gives an interesting case of a Paraguay Phy- 

salis, or husk tomato, which he grew in New York from seeds sent from 

Paraguay. ‘‘I grew it both in the house and out of doors, and for 

two generations was unable to make it set fruit, even though the 

flowers were hand-pollinated; yet the plants were healthy and grew 

vigorously. The third generation grown out of doors set fruit freely.” 

In some eases, however, even long-continued cultivation has not 

resulted in the plant regaining its equilibrium sufficiently to become 

perfectly fertile. The lilac and geranium may be cited as plants that 

have been long under cultivation, and while retaining all the essential 

organs of the flowers in apparently perfect condition, they seldom 

form seeds. ; 

Again, sterility in some cases is a result of long-continued and 

excessive cultivation. Almost all fruits which have been long under 

cultivation and have been largely propagated by cuttings, suckers, 

budding, grafting, ete., produce seedless varieties, as in the case of the 

orange, pineapple, banana, apple, ete. Long-continued propagation 

and selection of plants for their fruit seem to result in a tendency to 

fruit production entirely independent of seed production, so that we 

now have many varieties of cultivated plants which develop appar- 

ently normal fruits without pollination, and consequently do not 

form seeds. 

HOW TO INDUCE DESIRED VARIATIONS. 

The above cases will show to some extent the forms of variations 

which are liable to occur from changed conditions as they occur in 

nature or under cultivation. To successfully utilize this faculty 

which plants have of varying their structure to suit conditions or as a 

result of conditions, we must endeavor to learn how to induce the 

variations desired and then improve and fix them by intelligent selec- 

tion. It is the universal belief among horticulturists that the most 

important step toward improving wild plants is to first ‘‘ break the 

type,” that is, to induce the species to vary in any direction what- 

ever. When once variation is started, a slight change in the desired 

direction may confidently be expected sooner or later if the condi- 

tions favoring such variation are given. While theoretically there 

would seem to be no limit to the variation which might be expected 

in any direction or of any part desired, yet there is a practical limit. 

It is not desirable to attempt to develop a plant with fleshy, edible 

roots, like the radish or turnip, from a plant having fine, fibrous roots. 

For development, plants should be selected which in nature have 

shown a marked tendency to develop in the desired direction. ‘‘ Na- 

ture gives the hint. Let men follow it out rather than attempt to 

create new types of characters.” Should it be desired to develop a 
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fleshy-rooted plant, there should be selected for the experiment a wild 

plant having somewhat fleshy roots. If an improved fruit is desired, 

the selection should be made from the numerous wild fruits which are 
already edible. 

As before pointed out, plants in nature vary greatly, but under 

uniform conditions are very stable. To induce variation, a change 

of conditions is of prime importance. Excess of food, as shown, 

is probably the most potent factor in inducing variability. This is 

secured by isolating the plants, cultivating, manuring, ete. Pruning 

is simply carrying the idea a step farther, as removing one branch 

leaves a larger supply of nourishment for those remaining, or remoy- 

ing a portion of the fruit or flowers leaves a greater food supply for 

the development of the others and results in a larger growth. The 

first variation induced by excessive food supply is usually increased 

an initial variation of value, as it is at first of prime 

importance to secure larger fruits, seeds, or roots, after which attention 

can be given to flavor, size, shape, texture, ete. Growth in rich, moist 

soil tends to increase the size and produce a tender, succulent growth; 

to delay maturity and thus endanger the plant in Northern climates by 

its greater sensitiveness to cold; to lessen the saccharine and pungent 

qualities, ete. If, on the other hand, more dwarfed plants are desired, 

they may be induced by scanty food and water supply, or by trans- 

ferring the plants to alpine or desert places. Frequent transplanting 

and sowing seeds late in the season may also be of benefit in cheek- 

ing growth and inducing a dwarfed habit. It is well known that 

growing plants in small pots and crowding the roots, only occasionally 

repotting to give them more room as the plant develops, retards the 

growth and usually results in dwarfed plants. An increase in fruit- 

fulness is often caused by removal to a higher latitude or altitude. 

The same result may in some cases be secured by decreasing the food 

supply and thus checking the tendency to excessive vegetative growth. 

More vivid coloration of fruits, flowers, or leaves may be induced by 

transferring the plants northward or to higher altitudes; modifications: 

. in flavor may be produced by change of climate and of food and soil 

conditions, and greater succulency can be obtained by transferring 

to saline regions or growing on soil watered regularly with salt water. 

If seeds of hardy annual plants are sown late in the fall, so that they 

can not mature their seeds, a tendency may be produced to store up 

the reserve nourishment in the root, which by selection may establish 

a biennial habit. Vilmorin converted the carrot, which is normally 

an annual plant, into a hereditary biennial by sowing the seed late in 

the season till the character of flowering the second season became 

fixed. 

In attempting to develop seedless fruits, so commonly the result of 

long-continued cultivation, the endeavor must be, as stated by Dr. 

Lewis Sturtevant, who has studied and written extensively on this 

size and vigor 
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subject, to give the most intensive culture possible. Excessive 

manuring and varying the ingredients; cultivating thoroughly; in- 

creasing the size of the fruit by pruning; continued propagation by 

cuttings, budding, grafting, etce.; changing the climatic conditions; 

crossing, and hybridizing, indeed almost all the practices of intensive 

modern horticulture, increase the tendency to seedlessness. 

The production of the initial variation is quite uncertain. All 

that man can do is to cultivate the plants continuously under the 

conditions most favorable to the production of the variation desired, 

and patiently and carefully watch for signs of variation in the de- 

sired direction. In some cases the variation may very quickly follow 

the change of conditions, while in others the type is very persistent 

and difficult to break. In all cases, however, patience and persist- 

ence will be sure to ultimately meet with success, for no instance is 

known of a plant being long under cultivation and not furnishing 

several varieties. In fact, plants which have been long and exten- 

sively cultivated, especially under conditions of sharp competition in 

trade, have almost invariably yielded numerous varieties, as in the 

case of the apple, wheat, ete. 

FORMATION OF VARIETIES BY SELECTION. 

When variation in the direction desired has been secured, it then 

remains for the cultivator to improve it into the desired form by 

eareful and methodical selection. As Darwin expresses it, in the 

formation of varieties of cultivated plants ‘‘ the key is man’s power of 

accumulative selection. Nature gives variations; man adds them up 

in certain directions useful to him.” Seeds from the individual show- 

ing the desired variation are sown under the same conditions which 

resulted in producing the initial variation. The resulting seedlings 

are in turn very carefully inspected and seeds taken from the one 

which shows the greatest increased variation in the desired direction. 

It is by this methodical selection generation after generation that the 

final triumph is attained. 

It is necessary-to have well in mind the ideal variety which it is 

desired to produce, so that selections may be made with a well-defined 

point in view. All features can not be improved at once. It is well 

to attempt only one improvement ata time. If attempts are made to 

simultaneously reduce the number of seeds and to change the shape 

of the fruit by selection, failure in both directions or but slight sue- 

cess might be the result. The important feature should be given strict 

attention, and only sufficient care devoted to the secondary features to 

keep them up to the standard. In developing a certain feature by 

selection it may falsely appear that it is this organ alone that varies. 

Careful attention to other features will, however, show that they also 

vary, and probably fully as much, but as no attempt is made to fix or 
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increase these variations they are mostly lost. If such secondary 

variations are not detrimental, no attention need be given to them. 

Many of the valuable varieties of cultivated plants which have 

appeared in recent years have been the results of bud sports, fortui- 

tous variations, crossing, hybridizing, ete., but it is probable that the 

great majority of our cultivated plants were developed simply by 

selection. This is indicated by the fact that the majority of them 

were brought into cultivation by our early ancestors while still in a 

Savage or semicivilized state, when all methods of agriculture were 

the simplest possible. Many of these were so modified by culture 

before records were kept that the original types from which they 

were developed are not known and can not be distinguished with 

certainty. It is not at all probable, considering the crude methods 

employed at that period, that any means of development could have 

operated other than simply the selection of seeds for propagation from 

the best variations which appeared under this crude culture. 

The time it requires to produce valuable varieties by selection 

depends much upon the inheritability of the variation which is being 

developed and fixed. The degree of inheritability of variations pro- 

duced by environment are very different. The definite variations 

which are produced by plants as reactions under changed environ- 

ment, such as dwarfed habit, caused by transferring the plant to 

alpine regions, or succulence, caused by transferring to maritime 

regions, are usually lost the first generation if the normal conditions 

are restored. It is certain, however, that as long as the changed envi- 

ronment is continued the modifications are regularly produced, and 

usually in a gradually increased degree (progressively modified), fre- 
quently forming well-marked varieties. Continued growth under the 

same conditions evidently in most cases gradually leads to establish- 

ing the inheritability of the variation. In many instances, however, 

variations produced by environment, which variations have been 

formed regularly every generation for centuries, have not yet become 

sufficiently fixed in habit to be inheritable. Such are cypress knees, 

aerating roots of black mangrove, ete., which are lost the first gener- 

ation if the inciting cause is removed. How great a variation must 

be or how many generations it must be formed to acquire stability can 

in no case be stated. The selection by man from each generation of 

those plants which show the most marked variation in the desired 

direction, and propagating only from seed selected from these, tends 

to greatly promote fixing the inheritability of the character. 

The selection of wild radish, or jointed charlock, seeds, carried on 

for some time by Carriére, resulted in the production of several vari- 

eties of radishes similar to those commonly cultivated. In the same 

way seeds of wild parsnip, selected by Professor Buckman from the 

best-rooted plants during several generations, produced a variety in 

which the large root and glabrous leaves were hereditary. Both 
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Vilmorin and Carriére obtained similar results with the wild carrot by 

selection. Monnier’s change of winter wheat to summer wheat and 

summer wheat to winter wheat furnishes an interesting illustration 

of the quick changes which are sometimes wrought by change of 

conditions and careful selection. Monnier ‘‘sowed winter wheat in 

spring, and out of 100 plants, 4 alone produced ripe seeds. ‘These 

were sown and resown, and in three years plants were reared which 

ripened all their seed. Conversely, nearly all the plants raised from 

summer wheat sown in autumn perished from frost, but a few seeds 

were saved and produced seed, and in three years this summer variety 

was converted into a winter variety.” 

When once the ideal variety has been attained by selection and is 

found to be propagated by the seed, it would seem desirable that 

variation should cease, at least in this particular strain of plants; 
but plants in all conditions and in all places are markedly plastic and 

variable. If it is desired to keep the variety true to the type, the 
most rigid care is necessary in destroying all variations that may 

appear. ‘‘ Roguing,” or destroying the nontypical plants, is regularly 

practiced by good seedsmen. Most varieties which have been exten- 

sively cultivated for any length of time have varied greatly, aided 

often by the unconscious selection of the cultivator, until they are 

entirely different from those first introduced under the names which 

they bear. In regard to the pea, Darwin states that ‘‘ the greater num- 

ber of varieties have a singularly short life. Thus Loudon remarks that 

‘sorts which were highly approved in 1821 are now (1833) nowhere 

to be found,’ and on comparing the lists of 1853 with those of 1855, I 

find that nearly all the varieties have changed.” Bailey estimates 

that ‘‘every decade sees a complete change in every variety of any 

annual species which is propagated exclusively from seeds, and every 

century must see a like change in the tree fruits.” The change is not 

necessarily detrimental to the variety; indeed, the opposite is usually 

true. The almost universal unconscious selection usually results in 

gradualimprovement, but along different lines. The changes wrought 
in the variety are commonly so gradual that we do not realize that 

they are taking place unless the most careful attention is given to 

keeping the variety pure. Seedsmen and gardeners become expert 

in recognizing departures from the type, and this acuteness has : 

twofold object. On the one hand it is desired to keep the variety 

true, and on the other to detect desirable variations. In the exten- 

sive fields of the large seed firms all detrimental or unpromising 

variations are destroyed to keep the variety true, and all promising 

variations are retained for selection and improvement. The demand 

for novelties sharpens the seedsman’s wits. In a few years, as a 

result of the discovery of a promising variation, or ‘‘ rogue,” the Per- 

fected Delmonico melon or the Improved Golden wax bean is intro- 

duced. ‘These varieties are the result of the seedsman’s most careful 
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attention in breeding the variations for several generations and in 

carefully selecting and destroying the ‘‘rogues,” until the new type 

has become practically fixed and hereditary. 

We have thus far considered only the development of variations 

caused by environment through seed selection, as this seems to be the 

only sure way of fixing and rendering such variations hereditary and 

transmissible through the seed. In plants that are propagated regu- 

larly by cuttings, suckers, etc., similar improvements may be wrought 

by careful selection. Bud variations, or sports, which may be the 

indirect result of changed.conditions, are usually marked variations, 

which can not be improved by seed selection, as the variation is not 

usually reproduced by the seed. Improvements in such cases must 

be by bud selection. : 

The improvement of plants by careful selection and fixation of 

variations, crossing, hybridizing, etc., while in one sense a well-worn 

field of practical investigation, is in another sense new and promis- 

ing. The demand for novelties is constantly increasing, and at no 

previous time have results in this direction met with so ready appre- 

ciation. The diversification and extension of fruit and vegetable 

industries into new regions creates a demand for varieties adapted to 

various conditions. As the conditions are numberless, the field for 

improvement seems almost inexhaustible. No branch of horticulture 

or agriculture promises more important and remunerative results 

than may be attained by intelligent plant breeding. Rather more 

than ordinary intelligence is necessary to satisfactorily conduct such 

work, however, and the desirability of a thorough preparatory train- 

ing, such as may be obtained in our State agricultural eclleges, can 

not be overestimated. 



POTASH AND ITS FUNCTION IN AGRICULTURE. 

By H. W. WILEY, 

Chief of the Division of Chemistry, U.S. Department of Agriculture. 

ORIGIN OF POTASH. 

‘The potash naturally present in a soil, in common with its other 

mineral constituents, is the residue of the decomposition of the min- 

erals which composed the original rocks. The common salts of pot- 

ash, viz, phosphate, chloride, sulphate, etc., are soluble in water, and 

where disintegrated rocks are subjected to leaching these salts are in 

a great measure removed. In the original rocks the potash is chiefly 

held in the structure of silicates, more or less complex, and wholly 

insoluble in water. In the débris of these rocks, as found in the soil, 

it is evident that the potash must still be held in the insoluble state, 

but, nevertheless, so thoroughly decomposed as to be yielded grad- 

ually to the demands of the growing plant. 

LOSS OF POTASH DURING WEATHERING. 

During the progress of decomposition a portion of the potash passes 

into the soluble state and is removed by the leaching produced by 

heavy rains. This fact is conclusively shown by the chemical analysis 

of fresh and decomposed rocks of the same structure and occurring 

in the same locality. For instance, in the analysis of a fresh and 

decomposed rock (diabase) near Medford, Mass., it was found by Mr. 

G. P. Merrill that the undecomposed sample contained 2.16 per cent of 

potash, and the disintegrated portion 1.75 per cent. From these data 

it is seen that by leaching during and after weathering the diabase lost 

19 per cent of its potash. 

In comparing the soil, partially disintegrated rock and undecom- 

posed granite, from which the fresh and decomposed rocks were de- 

rived, near Rock Creek, in the District of Columbia, almost the same 

relative loss was found, the percentages of potash in the rock, decom- 

posed rock, and soil being, respectively, as follows: 2.71, 2.11, and 

2.10, showing a loss in passing from the fresh rock to the complete 

soil of 25.5 per cent. 

From these data it is safe to conclude that in virgin soils, formed 

in situ and free from erosion, from 70 to 80 per cent of the potash pres- 

ent in the original rocks will still be found. It would evidently be 

useless to seek for any constant relation between the potash in sedi- 

mentary soils and that in the rocks from which they were originally 
107 
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formed. In these soils is found a mixture of sediments of very dif- 

ferent origins and of different degrees of fineness, the finest particles 

being evidently carried to the greatest distance, or being last depos- 

ited. In the finer particles of such a soil there is naturally a great 

disturbance of relations, and the potash itself is distributed among 

such particles in proportion to its solubility and the specific gravity 

of the intact rock’fragments containing it. 

PERCENTAGE OF POTASH IN FELDSPARS. 

The mineral constituents of rocks which afford the largest quan- 

tities of potash to the soil are the potash feldspars. The rocks 

containing this mineral are widely distributed. Feldspar itself is 

essentially a silicate of alumina associated with the silicates of potas- 

sium, sodium, or calcium. Magnesia and iron are either absent or 

occur in very small quantities. The predominating alkali is either 

potash or soda, although where potash predominates there is nearly 

always some soda, and where soda predominates a small quantity 

of potassium is found. The amount of potash in feldspars varies 

widely; it is in general from 5 to 15 per cent. In a variety of feld- 

spar found at French Creek mines, Warwick, Pa., 15.99 per cent of 

potash has been found; at Magnet Cove, Hot Springs, Ark., 15.60 

per cent; at Leverett, Mass., 12.20 per cent. Feldspars of this kind 

have as much potash as the fertilizing material known as kainite, 

described further on. Itis evident that if such feldspars were readily 

decomposable, yielding the potash in a form soluble in water or easily 

dissolved by the vital activity of the rootlets, they would be quite as 

valuable for fertilizing purposes as the kainite of commerce. In point 

of fact, however, these feldspars, as a rule, disintegrate slowly, and 

it is probable that there would be no immediate effect produced by 

applying them, even in a finely ground state, to the soil. Sooner or 

later, however, the process of disintegration would be sufficiently 

advanced to render the potash assimilable, little by little, by the grow- 

ing crops. 

Feldspars may be altered or disintegrated by infiltrating waters 

carrying more or less carbon dioxide in solution, and also by the action 

of waters rendered acid by the decomposition of sulphides, or a min- 

eral containing the protoxide of iron is often the first occasion of the —~ 

change. When the infiltrated waters contain carbon dioxide, the 

feldspar first loses its lime, by a combination of the lime with this 

acid, and next a portion of its potash is carried off as carbonates. 

The residue, being chiefly silicate of alumina, becomes a kind of 

kaoline. The carbonate of soda or potash or the silicate of those bases 

may be used in the formation of other minerals, while the alkali goes 

to supply the saline ingredients of fresh and marine waters. The 
decomposition of feldspathic rocks near the surface of the earth 

evidently proceeds in such a way as to distribute extremely fine 



POTASH AND ITS FUNCTION IN AGRICULTURE. 109 

particles of the partially undecomposed minerals throughout the soil. 

These mineral particles contain the residual potash of the original 

mineral in a form which may be slowly used for agricultural purposes. 

In localities subjected to heavy rains the water-soluble form of the 

potash resulting from weathering is not found except in very limited 

quantities, but, as indicated in the analyses cited, the quantity of the 

potash lost by this solvent action does not in many instances exceed 

20 or 25 per cent of the total quantity present in the original rock. 

DISTRIBUTION OF THE POTASH IN THE SOIL. 

When a soil is separated by water into groups of particles of 

approximately the same size, the potash is unequally distributed 

among them. In one instance it has been shown that a soil contain- 

ing 0.63 per cent of potash afforded sediments in which the potash was 

distributed as follows: In the elay (21.64 per cent of the whole) 1.47 

per cent; in silt less than a quarter of a millimeter in diameter (23.56 

per cent of the whole) 0.53 per cent; in silt half a millimeter in diam- 

eter (13.67 per cent of the whole) 0.12 per cent. The total potash in 

all the sediments amounted to 0.49 per cent of the weight of the soil, 

showing a loss of 0.15 per cent, which is ascribed to the solvent 

action of the water used in effecting the separation. 

RELATIVE SOLUBILITY OF PARTICLES OF DIFFERENT DEGREES OF 

FINENESS. 

The solubility of soil particles of different degrees of fineness in an 

acid, such as hot hydrochloric, is, as a rule, inversely proportional to 

their size. The clay, therefore, possesses the highest degree of solu- 

bility, and the coarser particles in the order of their size are less sol- 

uble. Thus, while a soil may lose a portion of its potash in passing 

from a state of larger to one of smaller aggregates, the residual potash 

becomes more readily soluble, and therefore more easily assimilated 

by the plant. In the coarser particles of the soil are retained those 

mineral constituents of plant food which, in the course of years, 

become gradually available. Nature thus conserves the potash, as 

well as other mineral foods, in a most careful manner, giving up only 

limited portions each year. 

RELATION OF POTASH TO OTHER MINERAL INGREDIENTS IN SILTS OF 

; DIFFERENT MAGNITUDE. 

As‘a result of the studies of the composition of the silts, the follow- 

ing conclusions may be drawn: 

1. The iron and alumina exist in almost identical relative propor- 

tions in each sediment, making it probable that they are in some way 

definitely correlated. . 

2. Potash and magnesia also exist in almost the same quantities, 
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and their ratio to each other in all the sediments being almost constant 

seems to indicate that they occur combined, perhaps in some zeolitie 

silicate which may be a source of supply to plants. 

3. Manganese exists only in the clay, a mere trace hair 2 found in 

the next sediment. 
4. The lime appears to have disappeared in the clay, having prob- 

ably been largely dissolved in the form of carbonate by the large 

quantity of water used in elutriation. Its increase in the coarser 

portions may be owing to its existence in a crystallized form not so 

readily soluble. 

5. Ina summary of the ingredients, it is seen that there is a loss in 

potash, magnesia, and lime in the sediments as compared with the 

original soil, and this loss is doubtless partly due to the solution of 

these bodies in the water of elutriation. 

A noteworthy fact is the rapid decr ease of acid-soluble matter in 

the coarser sediments. 

DISTRIBUTION OF POTASH IN THE SOIL AND SUBSOIL. 

A study of the distribution of the potash in the soil and subsoil may. 
be undertaken from two points of view. In the first place, the total 

quantity present in each may be determined. This result does not 

take into consideration the availability of the potash, nor its relative 

solubility in different menstrua, but represents only the total quan- 

tity present in every form. 

In the second place, an attempt may be made to determine only 

that portion of the potash which is soluble in a given menstruum un- 

der set conditions, representing, presumably, the quantity of potash 

immediately or successively available for the nourishment of plants. 

In ten samples of typical soils and subsoils, representing different 

parts of the country, the total average quantity of potash found and 

also the quantity soluble in hot hydrochloric acid, on digestion for ten 

hours, are as given in the following table: 

i ate Potash ye Total Soil. soluble - 
potash. Eh 

| Per cent.| Per cent: 

Wirein surface =... .. >. 54.4 Sk See eee ee | 1.880 0.413 

ee PATNA SOT = 2a = Se oo ee wow BE2 le a des mie pee Oe eat eae ee 2.050 . B86 

Gritivated enrfaces 25. At. ee eee eee 1. 858 -421 

Cuitiyated subsoil! -2- ~~ - 22. «222.2 =ssseSse ee 1.979 . 391 

These data show that there is slightly less potash in the surface 

than in the subsoils, and this indicates that the leaching of tlfe sur- 

face soil and the abstraction therefrom of the potash by the growing 

plants tend to diminish the total quantity of potash therein as com- 

pared with the lower layers of soil where these extractive forces are 

less vigorous. On the other hand, the data show that the potash 
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in the surface soil is more soluble in hydrochlorie acid than that 

contained in the subsoil. This condition is brought about by the 

greater exposure of the surface soil to weathering influences and by 
the action of cultivation in reducing partially decayed mineral frag- 

ments to a finer state of subdivision and to the biochemical activity 
of soil ferments and plant life. The evident deduction is that while 

the surface contains slightly less potash than the subsoil, the potash 

in the former is more easily assimilable than that in the latter. In 

this connection it should be noted that, with one or two exceptions, 

the surface soils used in the above analyses had never been treated 

with any potash fertilizers. It is evident, however, that the relative 
quantities of potash in soils and subsoils may vary from geological and 

meteorological causes and with the character of crop and cultivation. 

RELATIVE ACTIVITY OF DIFFERENT SOLVENTS FOR POTASH. 

From the data given, it is seen that hydrochloric acid extracts, in 

round numbers, 20 per cent of the total potash in the soil. The exact 

numbers for the different soils are as follows: 
Per cent. 

BNMPOIEHETHCO | BOIR fee 282 See A oY Pa ea od 21.92 
URI aI) Lees ete a Para Ne ee Se ne gS aw ade 18. 83 

PEEING? PIRPRACE: SOUC 22 Ss see 2a los oade -o5--- Say ne ce 22. 66 

MEME BEOUAGDGON. 51220 et Poe ok eee ene patho Oh 

ie srm OLED LGVASAIM PLES: Wee. 6 Sk here Se ey 20.79 

The quantity of potash which weaker solvents abstract from a 

sample of soil depends largely, not only on the nature of the solvent, 

but also on its relative quantity when compared with the soil samples, 

the length of time the sample is subjected to digestion with the sol- 

vent, and the temperature and the degree of mechanical agitation to 

which the mixture is subjected. In comparative determinations, 

made in the division, it has been shown that organic acids and their 

salts extract much smaller quantities of potash from the soil than hot, 

strong hydrochloric acid. The weakest of these solvents gives results 

more concordant with the quantity of potash taken from the soil by 

growing crops than can be obtained by the use of more effective sol- 

vents. 

PERCENTAGE OF POTASH REMOVED FROM SOILS BY WEAK ORGANIC 

ACIDS. 

It is generally assumed that one of the chief factors active in secur- 

ing the solution of potash in the soil is the acid secretion of the root- 

lets of plants. The acidity of this secretion is due to a weak organic 

acid—citric, malic, or oxalice 

that the solvent action of a weak acid on a soil more nearly represents 

the natural action of a plant than any other method of extraction. 

and for this reason it is justly supposed 
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Unfortunately, the degree and nature of the acid secretion of root- 

lets can not always be determined, and therefore any attempt to imi- 

tate the natural process by laboratory methods must be more or less 

empirical. 

In addition to this, no use can be made in the laboratory of the vital 

and vegetal forces which undoubtedly exercise a great influence on 

the solubility of the constituents of the soil. Nevertheless, it is inter- 

esting to study the action of dilute organie acids on soils, and espe- 

cially to compare it, under fixed conditions, with the data got from the 

crop itself. 

It has been found in experiments here, on eight typical soils from 

different parts of the country, that the following mean quantity of 

potash is removed by digesting 200 grams of fine soil for five hours 

with 1 liter of a 1 per cent citric acid solution at a temperature of 

100° F.: 
Per cent. 

Total mean quantity of potash: in:soils.—..._--.2-.-2-- 2-5 Se ee 1.5910 

Total mean quantity of potash removed by hydrochloric acid__.._  . 2580 

Total mean quantity of potash removed by citric acid... .. eee . 0074 

In comparing these data for the eight soils examined, the following 

facts appear: Hydrochloric acid extracts 16.2 per cent of the total 

potash; citric acid extracts 0.45 per cent of the total potash. The 

citric acid is, therefore, more than thirty-six times as weak a solvent 

for potash as hydrochlorie. 

In making this comparison, however, it must be remembered that 

the extraction with hydrochloric is made with strong acid at a tem- 

perature of boiling water, while the extraction with the citric acid is 

made with a very weak solution and at a temperature but very little 

above that of the workroom. For equal degrees of concentration, 

equal temperatures, and equal times of digestion the difference in 

solvent power would not be so marked. 

AMOUNT OF POTASH IN ONE ACRE. 

An acre contains 43,560 square feet of surface, and in a depth of. 

1 foot, 43,560 cubie feet of soil. 

The weight of a cubie foot of dry soil varies greatly, according to 

its nature, a sandy soil being heaviest, and a peaty soil lightest. For 

common arable soils the weight is about 80 pounds per cubic foot. 

The total weight of an acre of dry soil, taken to the depth of 1 foot, 

is therefore about 3,484,800 pounds. Since a very fertile soil contains 

about 2 per cent of potash, it is seen that the total weight of this sub- 

stance in an acre of soil, measured as above noted, is 69,696 pounds. 

A erop removing 50 pounds of potash a year could be grown consecu-- 

tively for nearly one thousand four hundred years on such a soil 

before its content of potash would be entirely exhausted. 

Many fields are found, however, in the older continents which have 
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certainly been under cultivation for more than four thousand years, 

and which still contain notable portions of potash. It is evident, 

therefore, that the stores of potash are either conserved by fertiliza- 

tion or are gradually restored from the deeper and apparently inex- 

haustible supplies afforded by the progressive decay of subterranean 

rocks. Referred to the weight of the soil on the above data, the per- 

centage of potash removed by a single crop consuming 50 pounds of 

potash per acre is almost infinitesimal, being represented by the 

fraction 0.0000143. Based on the total quantity of potash, the amount 

removed by one crop is 0.000717 per cent. These quantities are so 

small that it is quite beyond the limit of accuracy in analytical work 

to determine them definitely. It is undoubtedly true, however, that 

the assimilability of potash depends, to a large extent, upon the 

quantity thereof soluble in either hydrochloric acid or in some one 

of the organic acids or its salts which may be used for extraction. 

Fortunately, the rootlets of plants come into intimate contact with 

only a very small portion of the soil in which they grow, and it is 

the semisoluble potash in these soil particles that serves for plant 

food. When, however, a small quantity of potash, soluble in water, 

is added to the soil, nearly the whole of it, under favorable climatic 

conditions, may be absorbed by a single crop. It is evident, there- 

fore, that treatment with hydrochloric acid, and even with dilute 

organic acids or their salts, will not give us the dataof actually avail- 

able potash, but they may afford a basis on which the proportion of 

available potash may be caleulated. The soil hoids a certain quantity 

of fertilizing materials with such tenacity as to render it practically 

impossible for piants to entirely absorb the supply and leave the 

fields utterly impoverished. Thus nature toa certain extent defends 

the future against the rapacity of the present, for it is certain that 

should science discover a method whereby all the fertilizing ingredi- 

ents of the soil could be made available in fifty years, aggressive 
agriculture would not hesitate to take advantage of the opportunity. 

QUANTITY OF POTASH WITHDRAWN FROM THEH SOIL BY THE MORE 

IMPORTANT CROPS. 

It is evident that the quantity of potash withdrawn from the soil 

by a given crop varies from year to year with the abundance of the 

harvest and with meteorological conditions. In determining the mean 

annual contribution of potash, it is sufficient to ascertain the mean 

yield of the crop for a series of years and base the estimates thereon. 

The potash which enters into a crop is not all removed by the harvest. 

A part remains in the roots, when these are not harvested, and in the 

straw or other débris left in the field. The most complete removal 

of the potash takes place with root crops, such as the sugar beet, 

where both tops and roots are gathered. The minimum harvested 

12 A96——8 
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quantity of potash entering into crops and subject to harvest is found 
in fruits, in maize gathered from the stalk, in cotton, and in wheat 

and other cereals harvested by headers. In making estimates of the 

quantities of potash removed by the principal crops, the above state- 

ments are taken into consideration. In the principal cereal crops, 

of the magnitude noted, which represent about the average produc- 

tion of the United States for 1895, the quantities of ash in grains and 

straw, the percentage of potash therein, and the weight of potash per 

acre are given in the following table: 

| oe Per cent . 
Crop. a Acres. | Bushels. Waele pi oe ibe So: 

Pounds. Pounds. 

Bice i pn oO LE Ris as | $2,675,880 | 2,151,188,580 | 1,860, 860,000 2.33 519, 721, 440 

PS Te See Se eee eee ee 34, 060, 000 450, 060,000 558, 200, 000 51.16 178, 311, 920 

LS ee Se eee ee eR 824, 450, 000 8329, 400, 000 16.38 137,483, 720 

gels < eae 3 hin | 3,300, 000 87,073,000 | 120,640,000 25.00 | 30,160,000 

Total weight 
Gin Weight of al Leg Weight of pot-} of potash in — 

2: in straw. rca ashin straw.| grain Paap 

Pounds. Pounds. Pounds, 

Miawne oe 16,386, 240,800 22.95 | 2,370,435,200 32.8 

ON RORt =e aoe eee ee 2, 4836, 798, 690 13.65 332, 623, 000 14.9 

tng se 3 8 2s Sees eee 2, 068, 000, 000 22.12 457, 441, 600 21.5 

32.4 Meraey ® > 2-5 Se eae 334, 080, 600 | 22.83 76, 838, 400 

The mean quantity of potash removed per acre by the cereal crops 

mentioned above is 27.9 pounds. The hay crop of the United States 

at the present time is about 50,000,000 tons per year, grown on an 

area of about 45,000,000 acres. The mean content of ash in dry hay 

is about 7 per cent, and the total ash of the hay crop is, therefore, 

3,500,000 tons, or 7,000,000,000 pounds. The mean percentage of pot- 

ash in the ash of hay is about 23, and the total weight of potash removed 

from the soil by the hay crop is, therefore, 1,610,000,000 pounds, and 
the weight per acre about 36 pounds. . 

The quantities of potash removed per acre by other crops are as 

follows: 

Crop. Quantity per acre. nee 

Pounds. 

Poetators: = = 100 Ipushels ~~ = 2 352 te eee - 150 

Surar beets = == WD TADS. .__ =o ee = ene Se Se ee 95 

DUFAT CHANG 22 ---ss2ce ee HO GOHS: 222 0 os dee, ao oe ee Lo 44 

Wooo eee Crop yielding 180 pounds of lint__-----.-.-.-----.----------- 23 

SRGHACCD ss. 1000 ponnds Jeayves’... --. 2: a 70 

IK eh A 15 bushels, 1,800 pounds straw _.—.. --..-_--.~. 5 eee 27 



POTASH AND ITS FUNCTION IN AGRICULTURE. 115 

For an average harvest the quantities of potash removed from the 

soil by some of the principal crops in Germany are given in the fol- 

lowing table: 

4 Corresponding Potash. to kainite. 

Crop. 
Kilos per} Pounds |Kilos per} Pounds 
hectare. |per acre.| hectare. | per acre. 

1,085 924 

575 513 

380 349 

205 183 

150 133 

230 205 

140 425 

195 165 

365 325 

UTE Po ESS ee | 325 290 

COP SSE US) 24a ee rr 455 406 

(piu) LED 225k kee Se Se ares ee 520 285 

QUANTITIES OF POTASH IN DRY VEGETABLE SUBSTANCES. 

Different plants in a dry state contain very different quantities of 

potash, and these variations are equally well marked in the different 

parts of each plant. 

Dry tobacco leaves contain a larger percentage of potash than any 

other common agricultural plant, viz, about forty parts per thousand. 

Tobacco is of all crops the one which has the greatest need of potash 

food. The proportions of potash in some other commen crops, reck- 

oned as parts per thousand of the dry substance, are as follows: 

Forage beets, 35; potatoes, 20; sugar beets, 18; red clever, 19; mixed 

hay, 16; beans, 13; peas, 10; rye (kernels), 6; wheat (kernels), 5; 

oats (kernels), 5; barley (kernels), 5; maize (kernels), 5. 
In the dry straw, the parts of potash in one thousand are as fol- 

lows: Beans, 19; oats, 16; barley, 11; peas, 10; rye, 9; wheat, 6. 

RELATIVE QUANTITIES OF POTASH IN KERNELS AND STRAW. 

In cereal crops about four times as much potash is removed in the 

straw as in the grain, while in peas, beans, and other crops of that 

kind the proportion is about two to one in favor of the straw. This 

is an important fact to be considered in preserving the strawof these 

crops for forage and manurial purposes. 

From the foregoing statements it is easy to determine the drain on 

the potash stores of the soil which is made by the leading field crops 

of thiscountry. These data are based on the average production per 

acre of the crops noted. In many localities the quantity of the crop 

produced may be very much greater or less than the average, and in 

these cases the loss of potash must be correspondingly increased or 
diminished. 
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AVAILABLE POTASH. 

From the data given it is seen that the total quantity of potash 

removed from the soil by a single crop is an almost infinitesimal per- 

centage of the weight of the soil, Even on the assumption that the 

total acidity of the excretions of the rootlets of plants is correctly 

represented by a citric acid solution of 1 per cent strength, it is 

clearly evident that the digestion of a small quantity of soil with an 

excess of the reagent is a process totally different from that of nature 

where the quantity of solvent is many thousands of times less than 

the quantity of soil. Nevertheless, a comparison cf the quantities of 

potash removed from the soil by such a solvent with the actual quan- 

tities removed by the crop can afford valuable data for approximately 

estimating, by purely chemical means, the degree of availability of 

the potash present. Experience has shown that when a soil yields as 

much as 0.01 per cent of potash to a 1 per cent citric acid solution, 

the addition of potassie fertilizers does not produce an economic 

increase in the crop, while, on the other hand, when the quantity of 

potash extracted by the citric acid falls to 0.007 per cent, potash fer- 

tilizers give a most decided increase in yield. In this connection it 

should be noted that the quantity of carbonate of lime in the soil has 

an important restraining bearing on the action of citric acid in liber- 

ating potash. It is evident that a large amount of experimental work 

must yet be done before this question receives a satisfactory answer. 

ORIGIN OF POTASH DEPOSITS. 

It has been stated that in the decay of rocks containing potash a 

notable proportion of the potash, varying in amount from 20 to 40 per 

cent, is lost by solution and carried into the streams. The potash 

thus passing into solution finds its way either into the lakes or the 

ocean, where it is subjected to the general laws of segregation which 

govern the formation of mineral strata deposited from water. 

As is well known, in the deposition of mineral matters there is 

exerted a natural selection in such a way as to bring together those of 

like character. This selection is exerted chiefly through the different 

degrees of solubility of the mineral matters and the relative propor- 

tions thereof existing in solution. It is evident that even a highly 

soluble substance when dissolved to saturation in a liquid will be 

deposited when a portion of that liquid is evaporated or if it be 

reduced in temperature. As a result of this law of deposition, we find 

the layers of various stratified rocks and of rock salt, sulphate of lime, 

sulphate of magnesia, sulphate of soda, and the sulphate and chloride 

of potassium. 

All the potash salts which have been carried into the sea and lakes 

either still remain in solution in these waters, have been removed by 

the animal and vegetable life therein, or are deposited in layers in 

company with their other mineral constituents. 
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The recovery of the waste potash is chiefly secured by the isolation 

of sea waters containing large quantities of this salt, and their subse- 

quent evaporation. Such isolation of sea waters takes place by 

means of geologic changes in the level of the land and sea. In the 

raising of an area above the water level there is almost certain to be 

an inclosure of the sea water, of greater or less extent, in the form of 

alake. This inclosure may be complete or only partial, the inclosed 

water area being still in communication with the main body of the 

sea by means of small estuaries. If this body of water be exposed 

to rapid evaporation, as was doubtless the case in past geologic 

ages, there will be a continual influx of additional sea water through 

these estuaries to take the place of that evaporated. The waters 

may thus become more and more charged with saline constituents. 
Finally a point is reached in the evaporation when the less soluble 

of the saline constituents begin to be deposited. In this way the 

various formations of mineral matter, produced by the drying up of 

inelosed waters, take place. 

The most extensive potash deposits known are those in the neigh- 

borhood of Stassfurt, in Germany. According to the best authorities, 

the Stassfurt deposits of potash had their origin in past geologic epochs 

by the isolation of a part of the sea, the waters of which were heavily 

charged with potash salts. This isolation was at first incomplete, 

and as the evaporation of the inclosed waters took place they were 

supplied by small estuaries leading to the ocean, and by a continua- 

tion of this process the percentage of saline matters in the waters 

rapidly increased. In those ages the climate of Europe was still trop- 

ical, and the rate of evaporation was therefore much more rapid than 

atthe present time. The less soluble materials, such, for instance, as 

gypsum, naturally were the first deposited, and as common salt was 

the most abundant mineral ingredient, these deposits of gypsum were 

eovered with thick layers of rock salt as the next deposit. This layer 

ultimately reached a thickness of 3,000 feet, and it is stated by geol- 

ogists that it required at least 15,000 years to form it. The deposit of 

rock salt is not continuous, but is broken occasionally with lameliated 

deposits of sulphate of lime and, toward the top of the formation, by 

layers of the mineral called polyhalite, which consists of the sulphates 

of lime, potash, and magnesia. Above these deposits are found other 

layers containing the mineral kieserite (sulphate of magnesia). Above 
the kieserite line the chief deposits of potash salts consist mainly 

of the mineral carnallite, composed of muriate of potash and chloride 

of magnesia. The carnallite deposit is from 50 to 130 feet in thick- 

ness, and yields the most important quantity of the crude potash 

from which the manufactured salts of commerce are made. Above 

the layer of carnallite is found a covering of clay which is almost 

impervious to water, and it is this water-tight covering which has pre- 

served the soluble mineral deposited under it from subsequent solution 

# 
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in percolating rain water. Had it not been for this protection these 
deposits of potash, now so valuable to agriculture, would long ago 
have been washed away and lost. 

Again, above the clay is another stratum of sulphate of lime, show- 

ing that after the deposit of the clay the original process of the depesi- 

tion of mineral matter was continued, since above the sulphate of lime 

is found again a layer of rock salt; but this roek sait is of a purer 

quality than that of the first layer mentioned. The deposiis are com- 

pleted by another layer of sulphate of lime and ef impervious clay 
capped by sand and limestone, which crop out at the surface of the soil. 

The perpendicular distance from the surface to the lowest of the 
Stassfurt salt deposits is about 5,000 feet, while the horizontal extent 

of the bed is from the Harz Mountains to the Elbe River in one direc- 

tion and from the city of Magdeburg to the town of Bernburg in the 

other. 

The saline formation near Stassfurt is situated at the bottem of a 

vast triassic deposit surrounding Magdeburg. The quantity of sea 

water which was evaporated to produce the deposits ef more than 500 

meters in thickness must have been enormous, and the rate of evapo- 

ration great. It appears that a temperature of boiling water would 

have been quite necessary, acting for a long time, to produce this 

result. 

It is therefore admitted that ail the theories so far advaneed to 

explain the magnitude of these deposits are attended with certain 
difficulties. What, for instance, could have cansed so high a temper- 

ature? The most reasonable cause must be sought for in the violent 

chemical action produced by the double decompositions of such vast 

quantities of salts of different kinds. There may also have been at 

the bottom of this basis some subterranean heat, such as is found in 

certain localities where boric acid is deposited. 

Whatever be the explanation of the source of the heat, it will be 

admitted that at the end of the Permian period there was thrown up 
to the northeast of the present saline deposits a ridge extending from 

Heligeland to Westphalia. This dam established throughout the. 

whole of north Germany saline lagoons in which evaporation was at 

once established, and these lagoons were constantly fed from the sea. 

There was then deposited by evaporation, first of all, a layer of 

gypsum, and afterwards rock salt, covering, with few exceptions, the 

whole of the area of north Germany. 

But around Stassfurt there cceurred at this time geologic dis- 

placements, the saline basin was permanently closed, and then by 

continued evaporation the more deliquescent salis, such as polyhalite, 

kieserite, and earnallite, were deposited. 

These theories acecunt with sufficient ease for the deposition of the 

saline masses, but do not explain why in those days the sea water 

was so rich in potash and why potash is not found in other localities 

% 
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where vast quantities of gypsum and common salt have been depos- 

ited. It may be that the rocks composing the shores of these lagoons 

were exceptionally rich in potash, and that this salt was, therefore, in 

a certain degree, a loeal contribution to the products of concentration. 

Up to the present time, deposits of potash salts have not been found 

in this country in connection with the mines of roek salt which exist 

in great numbers and underlie a vast extent of territory. It is true 

a@ systematic search for potash deposits has never been made, but, as 

in the case of the German deposits, if they had existed to any extent 

in this country they would have been discovered accidentally in 

the mining of rock salt which has been so extensively practiced. 

Our geologists and agronomists, however, do not despair of the dis- 

eovery of potash deposits on the continent of North America, although 

there is no danger ef the exhaustion of the German mines for hun- 

dreds of yearstocome. In the interest of economy, however, it would 

be found that the saving in freight which would be secured by the 

discovery of domestic deposits would prove of the greatest advantage 

to the American farmer. 

QUANTITY OF POTASH SALTS USED ANNUALLY. 

According to the statistics of the Stassfurt mines for 1894, the last 

available, the quantity of crude salts raised was 727,234 tons of 2,240 

pounds each, worth at the mines $2,574,805. The greater part of 

this product was sold in the crude state for fertilizing purposes, and 

high-grade compounds were prepared from the rest. The quantities 

of high-grade products made during that year were as follows: Potas- 

sium chloride (muriate of potash), 149,775 tons, worth $4,722,049; 

potassium sulphate, 23,281 toms, worth $958,736; potassium-magne- 

sium sulphate, 14,150 tons, worth $274,694. 

METHODS OF PREPARING HIGH-GRADE SALTS. 

The potassium chloride is prepared by leaching the carnaliite, or 

other crude salts containing potassium chloride, either with hot water 

or a hot concentrated solution of magnesium chloride in such propor- 

tions as to dissolve the potassium and magnesium chlorides but not 

the common salt. On cooling this solution to 70° C. and allowing it to 

remain for some time, the potassium chloride is deposited in a erys- 

talline form. A second crop of erystals is also obtained by cooling 

the mixture to usual temperatures. On concentrating the residual 

mother liquor, another crystalline deposit, consisting of mixed potas- 

sium and magnesium chlorides, is obtained, which can be added to the 

erude salt and re-treated as above. The erystals of potassium chloride 

obtained by the first two crystallizations are washed, drained, dried, 

and packed for shipment. By repeated evaporations, erystalliza- 

tions, and resolution, about 85 per cent of the potassium chloride is 
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finally obtained, only about 15 per cent being lost in the waste waters. 

Even these wastes are evaporated and sold for fertilizing purposes to 

nearby farmers. 

Potassium sulphate is most easily prepared by treating the chlorine 

compounds of potash, obtained as already described, with sulphuric 

acid. Free hydrochloric acid is generated by this treatment, which 

may be collected in cold water in the usual way. 

The double sulphate of potashand magnesia is made for commercial 

purposes from the impure kainite as it comes from the mines. A sat- 

urated solution of the crude kainite, made with water under pressure 

at a temperature of 250° F., will deposit the double sulphate in fine 

erystals on cooling. 

Potassium carbonate is made from the chloride or sulphate by roast- 

ing the salts with finely divided charcoal and carbonate of lime. By 

this process potassium carbonate is formed, which can be extracted 

by lixiviation. For fertilizing purposes this salt is used chiefly for 

tobacco. 

CHANGES IN POTASH DEPOSITS. 

The deposits of potash salts are not all found at the present time in 

the same condition in which they were first separated from the natural 

brines. The strata have been subjected to the usual upheavals and 

subsidences peculiar to geological history, whereby their edges have 

been brought to the surface and exposed to solution. The dissolved 

brines afterwards deposited the crystallizable salts in new combina- 

tions. For instance, kieserite and the potassium chloride of carnallite 

were first dissolved from the deposits and there was left a salt com- 

posed chiefly of potassium and sodium chlorides known as sylvinite. 

In some cases there was a mutual reaction between the magnesium 

sulphate and the potassium chloride, and a new salt, viz, schénite, a 

magnesiuim-potassium sulphate, was produced. 

The most important of these secondary products, from an agricul- 

tural standpoint, is kainite. This compound has arisen by the union 

of potassium and magnesium sulphates and magnesium chloride, and 

is formed at the borders of the layers of carnallite wherever water has 

worked upon it. The quantity of kainite, as may be supposed, is far 

less than that of carnallite, but there is quite enough of it to satisfy 

all the demands of agriculture for an indefinite time. 

COMPOSITION OF THE PRINCIPAL POTASH SALTS. 

KAINITE. 

The most important of the natural salts of potash for fertilizing 

purposes is the mixture described above, known as kainite. Ina pure 

state it is represented by the symbol K,SO,.MgSO,.MgCl,.H,O. Its 

theoretical content of potash is 16 per cent. ‘The pure salt, how- 

ever, is not found in commerce. As it comes from the mines, it is 
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mixed with common salt, potassium chloride, gypsum, and other 

bodies. In general, the content of potash in the commercial kainite is 

about 12.5 per cent, of which more than 1 percent is derived from the 

potassium chloride present. Kainite occurs in situ as a crystalline, 

partly colorless and partly a yellow-red mass. When ground, in 

which state it is usually sent into commerce, it forms a fine gray- 

colored mass containing many small yellow and red-colored fragments. 

It is not hygroscopic, and if it become moist it is due to the excess of 

common salt which it contains. Formerly, kainite was regarded as a 

potassium-magnesium sulphate, but this conception does not even 

apply to the pure salt, much less to that which comes from the mines. 

If, therefore, the farmer desire a potash fertilizer free of chlorine, he 

would be deceived in choosing kainite, as it may sometimes contain 

nearly 50 per cent of its weight in chlorides. 

In many eases the chlorine content of kainite may prove advanta- 

geous, the chlorides, on account of their easy difftsibility through the 

soil, serving to distribute the other ingredients. By reason of the 

presence of common salt and magnesium chloride there is a tendency 

for kainite to harden into compact masses, which may be prevented by 

mixing it with about 2.5 per cent of its weight of finely ground dry peat. 

7 CARNALLITE. 

This mineral, the most abundant of the natural deposits of potash, 

is a mixture of potassium and magnesium chlorides and crystallizes 

with six molecules of water. It is represented by the symbol KCl. 

MgCl,.6H,O. The pure salt is not found in commerce, and the com- 

mercial article contains a quantity of potassium and magnesium 

sulphates and other bodies. Carnallite is the chief source of the 

muriate of potash (potassium chloride) which is found in commerce. 

The commercial carnallite has slightly less potash than kainite, the 

mean content being about 9.9 per cent. It occurs in characteristic 

red-brown masses, and on account of its highly hygroscopic nature it 

should be kept, as far as possible, out of contact with moist air and 

should not be ground until immediately before using. 

POLYHALITE. 

Polyhalite is a mineral occurring in the Stassfurt deposits, and con- 

sisting of a mixture of potassium, magnesium, and ealcium sulphates, 

erystallizing with a small quantity of water. On account of being 

practically free of chlorides, this mineral would be an ideal natural 

fertilizer for tobacco and vineyards, but unfortunately it does not 

oceur in sufficient quantities to warrant the expectation of its ever 

being an important article of commerce. It is found only in pockets, 

or seams, among the other deposits, and there is no assurance, on 

finding one of these pockets, that it will extend to any great dis- 

tance. The composition of the mineral is represented by the formula 
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K,SO,.MgS0,.(CaSO,),.H,O. The pereentage of potash in the min- 

eral is 15.62. 
ERUGITE. 

This mineral occurs associated with polyhalite, and differs frem it 

only in containing twice as much gypsum (calcium sulphate). As 
it comes from the mines it is frequently mixed with a littl common 

salt. The percentage of potash in the commercial article is about 

10.05. ‘This salt, as the preceding one, also exists in limited quanti- 

ties, and is not likely to become an important article ef commerce. 

SYLVINE. 

This salt is an alteration product of carnallite, and is practically a 

pure potassium chloride. It is found only in limited quantities and 

does not have any great commercial importance. 

SYLVINITE, 

Considerable quantities of this mineral have been mined in recent 

years, and it is composed of a mixture of common sait bearing large 

quantities of potassium chloride and some other bodies. Itwas prob- 

ably formed by the drying up of a saline mass in such a way as not 

to permit a complete separation of its mineral constituents. Its con- 

tent of potash, when mined, is about 23 per cent. 

KIESERITE, 

This mineral is essentially a magnesium sulphate, and does not 

necessarily contain any potash salts. Under the name of kieserite, 

however, or bergkieserite, there is mined a mixture ef carnallite and 

kieserite which is a commercial source of potash. As delivered from 

the mines the mixture contains only about 7 per cent of potash. 

SCHONITE. 

Among the Stassfurt deposits there occurs in small quantities a min- 

eral, schénite, which is composed of the sulphates of potassium and 

magnesium. On account of the paucity of the mineral it has not 

much commercial importance, but when kainite is washed with water 

the common salt and magnesium chloride which it contains, being 

more soluble, are the first leached out, and the residue has approxi- 

mately the composition of the mineral schénite. The percentage of 

potash in the commercial article is about 27. On account of its low 

content of chlorine, it is especially valuable for the fertilization of 

tobacco and vineyards. 

MANUFACTURED COMPOUNDS. 

Of the manufactured salts which are sold for fertilizing purposes, 
the sulphate and carbonate of potash are the most important. 

Several grades of potassium sulphate are sold for fertilizing pur- 

poses. Some of them are quite pure, containing about 95 per cent of 
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pure sulphate. The percentage of potash in these high-grade salts 

often approximates 50. 

Potassium-magnesium carbonate is considered to be one of the best 

potash salts for use in fertilizing tobacco. It has a percentage of 
potash varying from 17 to 18. The compound is dry, not hygroscopic, 

and, therefore, when once ground is always ready for distribution in 

the field. It is especially serviceable for all intensive cultures where 

it is feared that chlorides or sulphates will prove injurious. 

The mean composition of the various salts mentioned is shown in 

the following table: 

Potassium | Potas- 
sulphate. | sium 

Poly- | Kru- | Syl- | Kies- | Sch6- |——~—— _|magne- 
nallite./ halite.| gite. | vinite.| erite. | nite. | pion} Low 
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©./BTACe.11 onate. 
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THER SOURCES OF POTASH. 

The primary sourees of potash, such as the original feldspars con- 

taining this element and the mineral deposits formed therefrom, are 

not the only stores on which the farmer may draw for supplies of 

this vainable material. It has already been seen that the straw of 

cereals and leguminous crops affords an ash rich in potash, and the 

manurial value of this refuse depends to a certain extent en its con- 

tent of this ingredient. Other organic materials, products of agricul- 

ture, such as tobacco waste, eotton-seed hulls, the ash of woods and 

other terrestrial plants, residues of beet-sugar factories and wineries, 

and stall manures all contribute potash fertilizers to the soil. 

TOBACCO STEMS. 

The stems and stalks of tebacco, which are waste products in man- 

ufacture, as has already been noted, are rich in potash. These stems 
give about 15 per cent of ash, which may contain as high as 8 per 

cent of potash. It is not, however, advisable to burn the tobacco 

waste in order to obtain its fertilizing ingredients. In combustion, 
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the nitrogenous constituents of the waste, which are also valuable 

fertilizers, are lost, although it is true that both the potash and phos- 

phorie acid become more immediately available after incineration. 

In order to promote the absorption of the fertilizing ingredients of 
tobaceo waste, it should always be finely ground before applying it 
to the soil or mixing it with other fertilizing materials. 

COTTON SEED, 

The potash content of cotton seed is one of considerable importance 

from a fertilizing point of view. It is customary, in many localities, 

after the separation of the hulls from the seed, to burn the former and 

use only the ash for fertilizing purposes. Cotton-seed hulls contain a 

less percentage of mineral matter than the kernels, but still afford 

about 3 per cent of ash to 7 per cent for the meal after the extraction 

of the oil. If the percentage of potash in the kernel and hull be 

determined before the extraction of the oil, the difference in quantity 

is not so great. The percentage of potash in the ash of the hulls is 

about 23, while in the ash of the meal it is slightly higher. By reason 
of the destruction of the nitrogenous constituents of the hulls in 

burning, the propriety of this process is questionable from an eco- 

nomie point of view, although, as was stated in the case of tobacco 

waste, both the potash and phosphorie — of the ash become more 

quickly available after burning. 

ASH OF WOODS, 

The importance of wood ashes as a fertilizing principle has long 

been recognized, and the content of potash therein is one of the prin- 

cipal points to be considered in determining their fertilizing value. 

Unieached hard-wood ashes contain about 5.5 per cent of potash, 2 

per cent of phosphoric acid, and 34 per cent of lime. The potash in 

wood ashes exists chiefiy in the form of carbonate. In leaching to 

obtain lye for soap-making purposes, the potassium carbonate is 

nostly removed. The leached ashes, however, retain a high fertiliz- 

ing value, both on account of the small quantity of potash which 

remains and also for the lime and phosphoric acid which they contain. 

There is no uniformity of composition in the wood ashes which are 

offered for sale for fertilizing purposes. It is necessary that each 

eargo be carefully sampled and analyzed in order to determine its 

fertilizing value. Farmers, in purchasing wood ashes, should secure 

a reliable certificate of their composition, showing at least the per- 

centages of potash and phosphoric acid which they contain. The 

application of wood ashes to a soil not only supplies valuable fertil- 

izing ingredients, but aiso, in the case of a stiff soil or one deficient 

in lime, exercises a marked ameliorating effect in respect of its phys- 

ical condition. Land treated liberally with wood ashes becomes more 

amenable to culture, isreadily kept in good tilth, affords good drainage 
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in wet, and retains moisture in dry, seasons. Injurious iron salts 

which are sometimes found in wet and sour lands are either rendered 

insoluble by the ash and thus innocuous or even changed to beneficial 

forms. A good wood-ash fertilizer, therefore, is usually worth more 
than would be indicated by its commercial value based upon its con- 

tent of potash and phosphorie acid. 

FORMULA FOR POTASH FERTILIZERS. 

To one who has carefully read the foregoing pages it is hardly nee- 

essary to say that any fixed formula for a potash fertilizer is of little 

value. Where the field requires only an application of potash to 

complete a well-balanced ration for the crop, it is extremely easy to 

apply the appropriate quantity of the crude or concentrated potash 

salt. In general, it may be said that it is more economical to apply 

each one of the three essential plant foods separately as needed rather 

than to combine them into a single mixed fertilizer which shall contain 

the proper proportions of each ingredient. On the other hand, it 

may be urged in favor of a mixed fertilizer that it can be purchased 

already prepared and one application will be sufficient. When it is 

considered, however, that not only the demands of the soil but the 

nature of the crop are to be regarded, it is easy to see that the intel- 

ligent farmer who is aware of the needs of his fields is able to control 

the rations of the crops more accurately and economically by supply- 

ing the fertilizing ingredients separately. If, however, it be desired 

to apply a mixed fertilizer, it may either be made on the farm from 

the ingredients or purchased already prepared with a reliable guar- 

anty of composition. As an illustration of the method of preparing 

a mixed fertilizer, it may be said that if one is required containing 4 

per cent of potash, and the ordinary commercial kainite be the salt 

from which it is to be compounded, it will require 640 pounds of the 

commercial kainite to give the required quantity in a ton. In like 

manner, any desired percentage of potash from the ingredient at hand 

may be computed when the percentage of potash in that ingredient 

is known. 

KINDS OF SOIL REQUIRING POTASH FERTILIZERS. 

Whether or not a given soil requires the addition of potash to 

secure its maximum fertility may be determined either by experiment 

or analysis. Whenever the total quantity of potash soluble in hot 

hydrochloric acid falls below 0.12 per cent, there isreason for assuii- 

ing the need of potash fertilizers. The nature of the erop is also to 

be taken into consideration, since a soil having enough potash to pro- 

duce a fairly good yield of cereals might have too little of it to yield 

average harvests of tobaceo or beets. 

Soils reclaimed from marshes and vegetable soils in general are 

deficient in potash. The light sandy soils used for growing early 
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vegetables, sweet potatces, and melons are also uniformly deficient in 

potash. In both of these classes of soils the potash content soluble in 

hydrochloric acid often sinks to as little as 0.05 per cent er less. As 

the content of clay in soils increases it will be found, in general, that 

there is & corresponding increase in potash, since both clay and pot- 

ash are derived from the decay of silicates. But even in such soils, 

where chemical analysis reveals an apparently satisfactory quantity, 

the addition of small quantities of soluble potash salts supplies the 

conditions fora marked increase in fertility. The pregressive farmer, 

therefore, will not fail to test the requirements of his field for potash 

by instituting small experimental plats which will give unbiased 

answers to his inquiries. 

CONDITIONS NECESSARY TO SECURE THE BEST RESULTS IN THE USE 

OF POTASH FERTILIZERS. 

The fertility of a field, in given meteorological conditions, is meas- 

ured not by its most abundant but by its weakest fertilizing princi- 

ple. The essential condition of the good results of potash when added 

as a fertilizer is that it completes a well-balanced ration. Only when 
the other necessary ingredients of the plant ration are present in 

proper proportions can it be expected to secure, from added potash, 

the maximum benefits. Unfortunately, this primary condition is teo 

often negleeted by our farmers, and so in one ease we find them using 

a material which is already abundantly provided, or failing to secure 

its efiects by neglecting the absence of its necessary coworkers. The 

contractor who should undertake to build a house and supply to his 
workmen nothing but saws is no more erratic than the farmer who 

would grow his crops with nothing but potash. 

LIME AS AN ADJUNCT OF POTASH. 

It has been abundantly demonstrated that the beneficial effeets of 

potash in the soil are greatly affected by lime. Lime im this respect 
plays a double role, serving both as an indispensable food of the plant 

and as a most necessary adjunct in those decompositions induced by 

bicchemical action and without which plant nutrieats could not 

assume their natural functions. It seems quite certain that in the 

decomposition of manurial salts under the combined influences of 

bacterial and biochemic activity, the separated acids would exert a 

fatal influence on vegetation were they not at once neutralized by an 
appropriate base. The lime, existing chiefly as carbonate, supplies 
this convenient base. In other words, the plant juices, being acid, 

absorb the decomposed base with greater avidity than the free acids, 

and as a result there is an excess of acidity of a mineral nature pro- 
duced in immediate contact with the most tender parts of the roots. 
The great function of the lime in the soil, aside from its mechanical 

effects, is, therefore, to neutralize this free acid and protect the plant 
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sroin its injurious effects. Itis certain that much of the acid thus pro- 

duced is unnecessary for plant growth and is permanently withheld 

from entering the vegetable organism. The nitric and phosphoric 

acids are retained only long enough to permit of their proper absorp- 

tion, while the carbon dioxide which is produced escapes to enrich 

with this constituent the soil gases or to finally find its way into the 

ambient atmosphere. 

The production of organic acids, as a result of vegetable metabol- 

ism, also renders unnecessary much of the mineral acids with which 
the bases found in plants are combined in the soil. The presence in 

a soil of a large quantity of a base which can neutralize these rejected 

acids is therefore an absolute condition of vigorous plant growth. 

Further, it must not be forgotten that the addition of potash salts 
to the soil causes, to a certain extent, a loss of lime. In the mutual 

reactions which take place in the soil, alkaline silicates are formed 

from the sulphates and chlorides of tho alkalies. A quantity of lime 

corresponding to these is converted into sulphates and chlorides, and 

is removed by the usual processes of leaching. By computation it is 

found that the addition of one hundred parts of kainite to a soil will 

cause a loss of at least forty parts of lime, aside from other quantities 

which may enter the crop or be changed in such way as to be no longer 

valuable. Itis therefore safe to assume that for every pound of crude 

potash salt added to the soil there will be a loss of a corresponding 

weight of lime. <A judicious addition of lime, therefore, to a lime- 

peor soil is a necessity when the best results of adding potash are to 

be secured. 

The addition of potash salts to a heavy soil, that is, one having an 

excess of clay, tends often to make it more impervious and imperme- 

able. In such cases their use, even when the soil demands them, may 

be more injurious than beneficial. These unfavorable effects may be 
completely prevented by the generous application of lime. 

EFFECT OF POOR DRAINAGE. 

Poor drainage is sufficient to neutralize all the good effects which 

may be produced in a field by the application of needed potash. In 

this case, as with other fertilizing materials, the proper culture and 

aeration of the soil are imperative. To apply fertilizers to a field 

saturated with water and deprived of means for its outflow is only 

a mark of poor judgment and a waste of good money. 

THE BEST KINDS OF POTASH FERTILIZER. 

What kind of potash fertilizer is best in any given case depends on 

two factors, viz, economy and the requirement of the crop. In locali- 

ties where freights are low, it is evident that the crude salts, as they 

come from the mines, are the most economical for all crops, save such as 
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tobacco, grapes, ete., which require a special compound. In ease 

the salt has to be carried to a great distance, and at high rates of 

freight, it is advisable to make use of the concentrated compounds. 

The kainite of commerce contains about 12.5 per cent of potash, while 

a high-grade sulphate will have 50 per cent. One ton of the sulphate 
will therefore contain as much potash as 4 tons of kainite. 

The actual cost of potash per unit is readily calculated in each ease. 

If the kainite cost $10 per ton, including freight, the farmer can afiord 

to pay $40 for the sulphate, and will save the handling of 3 tons of 

material. In all cases the price per ten of the salt should be consid- 

ered in connection with its content of potash. With the exception 

of tobacco, grapes, and a few other crops of minor importance, the 

form of combination of the potash salt is not important. For 

tobacco, the salts containing potash as chloride are to be excluded. 

Sulphate and carbonate of potash are the salts which the tobacco 
growers should apply. In some cases, for intensive culture in gardens 

or pots, it is advisable to use the most concentrated plant foods. In 

these instances the cost of the fertilizer is of little importance. Two 

salts representing a highly concentrated food are the phosphate and 

nitrate of potash. The commercial potassium phosphate employed 

for fertilizing purposes contains from 36 to 38 per cent of soluble 

phosphoric acid and from 26 to 28 per cent of potash. The pure salt, 

K.HPO,, contains 40.81 per cent of phosphoric acid and 54.01 per 

cent of potash. 

Since most crops require a larger quantity of potash than of phos- 

phorie acid, it is seen that the use of commercial potassium phosphate 

would entail a loss cf the former in order to secure a sufficient quan- 

tity of the latter. For instance, sugar beets require three times as 

much and cereal crops nearly twice as much potash as phosphoric 

acid. If, therefore, this highly concentrated salt be employed for 

intensive culture, it should be supplemented by a considerable quan- 

tity of high-grade potash salt containing no phosphoric acid. If, 

however, the salt be applied to a soil rich in available potash and 

poor in phosphoric acid, the above objection to its use would not 

obtain. 

Saltpeter (potassium nitrate) is another example of a concentrated 

plant food. For intensive culture, a mixture of potassium phosphate 

and nitrate is an ideal ration, when it is desired to supply in a highly 

available form the three most essential elements of plant food. The 

high cost of saltpeter confines its use solely to experimental plats. 

Even when mineral salts, in the forms in which they are found in the 

ash, are supplied to plants, it is doubtful whether they play any impor- 

tant réle in vegetable growth without suffering decomposition. It is 

certain that the silicates of the soil containing potash are decomposed 

by the biochemical activity of vegetable life, and there are many rea- 

sons for believing that when phosphate of potash is applied as a 
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fertilizer and is afterwards found in the ash, it has, in transit, suffered 

a complete decomposition and recomposition under the powerful agen- 

cies of vegetable metabolism. 

INJURIOUS SALTS. 

Experience has shown that certain crops are unfavorably affected 

by the use of crude potash salts, and that the cause of this injury 

resides in the potassium and other chlorides which they contain. This 

injury does not consist in a diminution of the quantity of the crop, 

but in its quality. The tobacco plant is the most striking example of 

this influence. When tobacco is fertilized with crude potash salts or 

with the muriate, the chlorine contained therein is absorbed in large 

quantities and, on burning, an ash is obtained showing an excess of 

chlorides. By reason of the easy fusibility of the chlorides, the burn- 

ing properties of the tobacco are greatly impaired. Some experi- 

menters claim that an excess of sulphates in the ash is also an 

injury, but authorities are not agreed on this. 

In like manner, the application of chlorides to vineyards tends to 

diminish the content of sugar in the grapes, and thus impairs the 

quality of the wine. 

In the case of sugar beets, the use of highly chlorinated fertilizers 

is of doubtful propriety, save on sandy soils, where kainite may be 

most freely used without fear of injury. 

Potatoes also may have their content of starch somewhat diminished 

by a too free use of crude potash salts containing large quantities of 

chlorine. 

On the other hand, it is quite certain that the kainite, which is com- 

paratively poor in chlorine, may be safely supplemented by carnallite, 

very rich in chlorine, for all cereal and leguminous crops, while for 

tobacco and all sugar or root starch crops it is safer to employ the 

salts poor in chlorine. 

PRESERVATION OF STALL MANURE. 

The losses which stall manure suffers when exposed without care 

for its conservation are well known. It is estimated that, in general, 

where no precautions are taken nearly one-third of the humus-form- 

ing material in stall manure is lost before it reaches the field. For a 

full-grown steer or horse, this means at least a loss of 2,000 pounds 

of humus during a year. Of the nitrogenous substances, in similar 

conditions, one-quarter is lost, corresponding to at least 200 pounds 

of chile saltpeter a year for each horse or cow. Calculated to a 

money value, these figures mean a loss of over $5 a year for each full- 

grown animal. 

These losses may be, in a great measure, prevented by covering 

the stall manure with layers of earth or with earth mixed with gypsum 

or crude potash salts. Earth covering alone, however, prevénts very 

12 A96——_9 
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little of the loss in organic substance, although quite efficient as a nitro- 

gen preserver. 

When stall manures are sprinkled or mixed with kainite, the fer- 

mentative processes are partially arrested, the manure is preserved in 

a fresh state, there is little or no loss of organic matter, and the nitre- 

gen content of the mass suffers but little loss. 

By reason of the fact, however, that the stall manure is preserved 

from decay, it is evident that it can not give its maximum benefit 

to the first crop grown. If, for instance, the first crop grown after 

applying the fertilizer be potatoes, and the next a cereal, such as 

wheat or barley, the maximum effect of the application of the stall 

manure will be felt in the second crop. When an immediate effect is 

desired, therefore, it is better to preserve the stall manure by means 

of superphosphate or a covering of earth, while if the secondary effect 

is of more importance, the preserving material should be kainite. 

Practical farmers should not forget these facts in selecting materials 

for preserving stall manure. Kainite, however, is inferior to carbon 

disulphide and sulphuric acid as a preserving agent. 

Further, experience has shown that stall manures preserved with 

kainite are far more effective on light than on heavy soils. In a light, 

sandy soil stall manures preserved with kainite give a far better result 

than when other means of conservation are employed. In light soils 

the decomposing influences of aeration and attendant fermentation go 

on much more rapidly than in stiff and impervious soils, and for this 

reason the practically undecomposed stall manures which have been 

preserved by kainite rapidly undergo fermentation and yield to the 

plant those elements best suited to its rapid evolution. 

It happens also that sandy soils are, as a rule, deficient in potash, 

and therefore the kainite used as a preserving material finds a direct 

application as a plant food in a locality where it is most needed, 

Experience has further shown that basic phosphatic slags, which 

are cheaper than superphosphates, are peculiarly well suited to light, 

sandy soils, and this fact renders the use of superphosphate as a pre- 

server of stall manures destined for sandy soils less important. The 

practical farmer will see, from these facts, that for such soils he will 

receive the largest returns by the application of stall manure preserved 

by kainite, in conjunction with basic phosphatic slags. 

It is further to be noted that the preserving influence of the kainite 

is destroyed when the manure is diluted by incorporation with the soil, 

and that the activity of the ferments, which had been suspended by 

the application of the kainite, is restored and invigorated by mixing 

with a light soil, affording a most abundant aeration. 

THE PROPER TIME AND METHOD OF APPLYING POTASH FERTILIZERS. 

In the application of potash fertilizers, the farmer must take into 

consideration, not only the character of the soil, but also the nature 
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of the crop and the meteorological conditions likely to obtain. In 

general it may be said that where excessive rains are not expected 

it is better to apply potash fertilizers in the autumn. In certain 

soils, potash, as well as other salts, such as sodium chloride and chile 

saltpeter, produce a kind of cementation or hardening which greatly 
interferes with the subsequent circulation of air and moisture and 

with the distribution of the rootlets of the growing crop. This un- 

favorable condition is brought about by the hygroscopic nature of 

the added substances, whereby each particle of salt attracts a suffi- 

cient quantity of moisture to thoroughly wet the particles of soil in 

immediate contact therewith. On drying, especially in soils contain- 

ing certain proportions of clay and sand, a true mortar or cement is 

produced. Certain soils may become so hard by this means on the 

addition of large quantities of saline materials as to resist the blows 

of a pick. To such soils potash salts should never be added in the 
spring, but only in the autumn, whereby the cementation produced is 

usually completely disintegrated by the winter’s frosts. The evil 

effects mentioned above may also be prevented in most cases by the 

liberal use of lime, which, by reason of its well-known property of 
forming compounds less likely to produce compact particles, will hold 

the soil in a porous state. 

It is advisable, therefore, to always use lime in conjunction with 

large quantities of potash, especially in soils having a tendency to 

become compact and impervious. In intensive culture it is safe to 

use as much as two tons of kainite per acre, if double that quantity 
of lime be added at the same time. 

Where only small quantities of potash are applied, as, for instance, 

a quantity representing 50 or 40 pounds of pure potash per acre, 

there is not much danger in applying it in the spring. It must be 

remembered, however, that potash salts in direct contact with seeds 

exert a retarding influence on germination by reason of their tending 

to absorb moisture, and probably also from a slightly corroding or 

germicidal effect which they may produce. Care should therefore be 

exercised in applying these salts to prevent, as far as possible, their 

direct action on seeds of feeble vitality. In general it is advisable, 

however, in the spring, wherever practicable, to apply the fertilizer 

from two to four weeks before planting the crop, and to have it 

thoroughly distributed through the soil by the plow and harrow. As 

a rule, top-dressing with potash salts is not to be recommended, 

except for meadows and lawns, and sometimes for the spring fertil- 

ization of cereals. In some cases, where the fertilizer has not been 

incorporated with the soil by previous cultivating, top-dressing at the 
time of planting or immediately thereafter is advisable. 

Top-dressing is also necessary in those cases where it is not advis- 

able to apply the whole of the fertilizing material at once. Espe- 

cially in the cultivation of sugar beets and tobacco is it desirable to 

apply a final portion of the potassic fertilizer in the earlier periods of 

cultivation. Top-dressing with potash salts, it is easy to see, becomes 
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useless unless the material is carried down to the rootlets by heavy 

rains or deep cultivation. In top-dressing, the salts should be applied 

in as fine a state of subdivision as possible. Good judgment and a 

wise adaptation to local conditions are as necessary in potash fertil- 

izing as in other agricultural operations, and any attempt to fix rules 

for guidance in all cases would be useless and misleading. 

INDIRECT EFFECTS OF POTASH SALTS. 

In the foregoing pages the uses of potash as an essential and indis- 

pensable plant food have been briefly noted. It has been seen that 

without the aid of this food no plant can make a normal growth or 

reach maturity. There is no other mineral substance or combina- 

tion of such substances that can act as an acceptable substitute for 

it. There are, however, many indirect effects of potash salts which 

must not be overlooked. Some of these have already been noted, as, 

for instance, the tendency in certain cases to form concrete masses 

and to retard the germination of seeds of low vitality. There are 

other indirect effects of these salts which are not injurious, but, on 

the contrary, advantageous and worthy of notice. 

CONSERVATION OF SOIL MOISTURE. 

The hygroscopic nature of these salts, already noted, serves to keep 

the soil moist, and thus, in seasons of drought, it may help secure for 

the crop a more abundant supply of water. This property is fully 

illustrated by determining the moisture in two samples of the same 

soil, one with and one without potash salts. In data secured in one 

instance, at different times, the quantities of moisture found in the 

two samples were as follows: 

Date. kainitee | eae 
| 
Percent of | Per centof 
moisture. | moisture. 

March 18. -....-- Be an Se ea oe ee oe ee ee ee eee ae 15.3 15.2 

sree SS Fee be Ee et oo. 5 eS ar Se OE ee se ee 8.5 1.8 

AIO TISG -2 So o- ee 2s Reo 222. ot 3 ee ee ee eee 5 1.3 

Ue a te) a be ee See ee re ee ee Be 2 So ee 5s Se Seen 13.3 1.9 

From the above table the marked difference in moisture in the two 

samples during the summer and autumn is quite instructive. It is 

true that a soil impregnated with kainite would give up its moisture 

less readily to a growing plant than one free of that salt, but there is 

no doubt that a soil containing kainite, with 13 per cent moisture, would 

be able to supply water to a plant more readily than a soil free of 

kainite and containing only 2 per cent of moisture. 

INFLUENCE ON DECOMPOSITION OF MINERALS. 

The influence which potash salts exert on mineral matters left in 

the soil has already been noticed. By the double decompositions i 
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which they form with the lime and other bases locked up in silicates, 

they tend to promote the decomposition of those bodies, and thus to 

add large quantities of mineral matters, including potash, to the 

available stores of the soil. This favorable action of potash salts is 

one which should be considered in making a summary of the indirect 

action of potash fertilization. This solvent action is not shared by 

potash salts alone, but soda salts may also secure, to a certain extent, 

the same result. For this reason, it is quite probable that the claims 

which have been made by many, to the effect that soda may replace 

potash in agriculture, have been based on the solvent action of the 

soda setting free additional quantities of potash which have become 

available. This solvent action, however, may not in all cases be 

advantageous, inasmuch as the decomposition may be so extended, 

when combined with the absorption of the separated bases by the 

plants, as to leave the acids with which the bases were originally 

combined in a free state in the soil. In this way, unless an excess of 
calcium carbonate be present, the free acids may exert an injurious 

effect. 
PROTECTION AGAINST FROST. 

It has been noticed that the liberal application of potash fertiliz- 

ers, especially the crude salts, lessens to a certain extent the injuries 
which the crop may suffer from frost. This is an item of considerable 

importance, especially in the case of tobacco, which is often greatly 

injured by frost in the early autumn. The cause of the protection 

which kainite, for instance, offers to plants against frost is found in 

two sources. In the first place, on account of the hygroscopic nature 

of the salt the moisture of the soil is more securely held and there is 

a less rapid evaporation. One of the prime conditions of the forma- 

tion of frost is a rapid evaporation and consequent cooling of the sur- 

face of the soil. Anything which prevents this, of course, tends to 

diminish the intensity of the frost. In the second case, the presence 

of a potash fertilizer produces a more luxuriant vegetation, and thus 

secures a more perfect cover of the soil, affording in this manner a less 

rapid evaporation. These two causes combined undoubtedly have a 

tendency to diminish the danger from frost to which a crop may be 
exposed. 

RETARDATION OF NITRIFICATION. 

The addition of large quantities of potash salts to a soil has a ten- 
dency in certain cases to retard the process of nitrification, which, 

as is well known, does not proceed as vigorously in solutions of cer- 

tain salts. The potash salts in this case exercise something of the 

same influence, as will be mentioned below, in acting as a germi- 

cide. It is not difficult to see that in most cases this action would not 

be prejudicial. On the contrary, where there is a tendency to the 

overproduction of nitric acid by a too vigorous action of the fer- 

ments, the presence of potash salts would be beneficial. As a rule, 

however, it must be confessed that this retardation of the process of 
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nitrification is to be avoided as much as possible, and this can be 

secured by a moderate use only of potash fertilizers. 

POTASH SALTS AS INSECTICIDES AND FUNGICIDES. 

The property possessed by large quantities of potash salts of pre- 

venting the ravages of insects and the occurrence of certain diseases 

has long been noticed. It has been shown that in the case of cotton 

the leaf blight is largely if not entirely prevented by the free use of 

kainite, and at the same time the yield of cotton is increased. It is 

claimed by some entomologists that potash in large quantities is effect- 

ive against plant lice of all kinds and against any naked larvee and the 

wire worms on potatoes and cabbages. Its greatest usefulness as an 

insecticide is said to be with those pests that live in the ground and 

around the roots of the plants. The retarding effect which potash 

salts have on germination is more than compensated for by their effect 

upon cutworms and other insects which infest plants at the period of 

their germination. Itis believed that kainite is the best form in which 

potash salts can be used when their insecticidal or disease-preventing 

properties are to be considered. It must be remembered, in connec- 

tion with this statement, that it is not the universal experience of 

entomologists that kainite is a successful insecticide. It probably 
varies in its action, and in all cases where used for insecticidal pur- 

poses it must be applied in larger quantities than would be necessary 

for its merely manurial value. The weight of authority, however, is 

perhaps in favor of the use of kainite for the purpose mentioned 

above. Attempts to control or prevent peach yellows by the use of 

kainite have shown it to have no value for that purpose. 

SUMMARY. 

1. The potash used in fertilizers and found in the soil has been 

derived from the decay of minerals containing it as an ingredient, 

and chiefly from feldspars. 

2. During the progress of weathering, a portion of the potash in 

original rocks becomes soluble and is lost by lixiviation. As a rule, 

about 25 per cent of the potash finds its way by this means into the 

streams and seas. 

3. There is usually a less percentage of potash in the finer particles of 

soil than in the coarser particles, and this is due to the fact that the sol- 

vent action of water is more strongly exerted upon the finer particles. 

4. The potash is quite evenly distributed both in the soil and sub- 

soil, there being only a slightly greater proportion in the deeper 

layers, doubtless due to the fact that they have not been so thoroughly 

leached. 
5. The solubility of potash in the soil is very different for different 

solvents, being the least for the weak organic acids and greatest for 

the strong mineral acids. Hot hydrochloric acid extracts from the 
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soil about 20 per cent of its total potash content, which is about thirty- 
two times as much as is removed by a 1 per cent citrie acid solution. 

6. A fertile virgin soil contains about 2 per cent of total potash, or 

about 70,000 pounds per acre taken to the depth of 1 foot. A crop 

removing 50 pounds of potash a year could be grown consecutively 

for about one thousand four hundred years on such a soil before 

exhausting all the potash which it contains. 
7. The soil retains a certain quantity of fertilizing material with 

such tenacity as to render it practically impossible for plants to with- 

draw the whole of it, thus protecting the future against the rapacity 

of the present. 

8. The quantity of potash removed by various crops per annum 

varies greatly. The largest quantities are removed by beets, and the 

smallest quantities by cereals and cotton. Beets may remove as 

much as 100 pounds per acre, cereals about 50 pounds, and cotton 

about 25 pounds for the average crops as produced in this country. 

In Germany, beets grown for forage remove often over 200 pounds 

of potash per acre from the soil, clover hay about 74 pounds, and 

tobacco the same quantity. 
9. Tobaceo contains a larger proportion of potash than any other 

common crop, viz, about 40 parts per thousand of the dry leaves. For- 

age beets contain 35, potatoes 20, sugar beets 18, clover hay 19, beans 

15, and cereals 5 parts per thousand. 

10. There is about four times as much potash in the straw of cereals 

as in the grains, while in peas and beans the proportion is about as 
two to one. 

11. A soil which yields about 0.01 per cent of potash to a 1 per cent 

citric acid solution and contains about 0.30 per cent soluble in hydro- 

chlorie acid does not usually need a potash fertilizer. 
12. The potash salts which supply the commercial potash fertilizers 

of the world have been deposited as the result of the evaporation of 

saline lakes charged with potassic materials. 
13. The commercial potash of the world is derived almost execlu- 

sively from the neighborhood of Stassfurt, in Germany. The quan- 

tity of crude salts annually mined is about three-quarters of a million 

tons, worth nearly three million dollars. 

14. The high-grade commercial salts used for fertilizing purposes 

are manufactured from the crude salts, and are to be preferred when 

shipments are made to great distances and at high rates of freight. 

15. The principal crude potash salts used for fertilizing purposes 

are kainite, containing 12.5 per cent of potash, and carnallite, con- 
taining 9.9 per cent. 

16. Tobacco waste, cotton-seed hulls, and wood ashes also furnish 

important quantities of potash for fertilizing purposes. 

17. Recovered marsh or swamp lands and lands containing large 

quantities of sand need, almost universally, potash fertilizer. The 

percentage of potash in soils usually rises with their content of clay. 
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18. The maximum effect from fertilization with potash is secured 

only when other plant foods are supplied in such a way as to make 

a well-balanced ration, and where proper methods of culture are 
employed. 

19. Lime is an important adjunct to potash fertilization, and,as a 

rule, should be added to a soil in large quantities wherever potash is 

applied. 

20. The best kind of potash fertilizer is determined by local condi- 

tions, freights, and the nature of the soil and crop. Fertilizers con- 

taining considerable quantities of chlorine should never be applied to 
vineyards and tobacco fields. 

21. In intensive pot or garden culture, where highly concentrated 

plant foods are desired and where the cost of the fertilizer is unim- 

portant, potash may be applied in the form of phosphate or nitrate. 

22. In some soils potash salts, in common with other saline bodies, 

produce injurious effects by reason of their hygroscopic nature, 

attracting moisture and, on drying, producing a cementation of the 
soil, which renders it impervious to water and impenetrable by the 
rootlets of plants. 

23. Crude potash salts can be applied with benefit in the preserva- 

tion of stall manure, but their value for this purpose is perhaps 
overestimated. 

24. Potash fertilizers should, as a rule, be applied in the autumn, 

or at least from two to four weeks before planting, and should be 

thoroughly worked into the deeper part of the soil in order to come 

into contact with the rootlets of the plant. 

25. The germination of seeds, especially if they have a low vitality, 

is retarded by bringing them into direct contact with potash salts. 

26. The application of crude potash salts to a soil which is not 

easily cemented may be useful during a dry season by reason of their 

power of attracting and holding moisture. 

27. Potash salts favor the decomposition of mineral particles in the 
soil, and thus tend to add to the stores of plant food therein. 

28. The application of crude potash salts to the soil tends to protect 

the crop from frosts by preventing the too rapid evaporation of mois- 
ture and by producing a more luxuriant foliage. 

29. The too abundant application of potash to the soil may become 
injurious by reason of the retardation of the process of nitrification 
which it produces. 

30. Crude potash salts, especially kainite, when added abundantly 

to a soil, are said to act, to a certain extent, as an insecticide or a 

preventive of disease, and when mixed with stable manure act as a 

preservative by checking the activity of the denitrifying ferments. 

31. It is impracticable to give formulas for the preparation of fer- 

tilizers containing potash, since both the quantity of potash to be used 

and the form in which it should be applied are determined by local 

conditions, which can not be taken into account in the preparation of 
directions for the use of fertilizers. 

a i 



SOME COMMON POISONOUS PLANTS. 

By V. K. CHESNUT, 

Assistant, Division of Botany, U. S. Department of Agriculture. 

GENERAL REMARKS. 

The plants commonly looked upon as poisonous are those which 

through general experience, history, or tradition have long been 

known to produce some ill effect upon animal life. The number 

recognized in any country tends, therefore, to be proportional, not only 

to the variety of its flora, but also to the antiquity of its civilization; 

and the popular estimation of the virulence of any particular plant 

depends in great measure upon the number of its victims as well as 

upon the rapidity and violence of its effects. The literature of these 

plants is filled with allusions to species growing in Hindostan and the 

Greek and Roman provinces, and history teaches how certain species, 

such as the peach (for its pits and leaves) and the hemlock, came to 

be especially dreaded by the ancients on account of their extensive 

use in putting state criminals to death. The literature of Europe 

contains the names of over three hundred and fifty plants which, in 

that quarter of the globe, have been known to produce ill effects 

upon man or animals, while in North America there are only a few 

which have been generally recognized as poisonous, and these grow 

mostly in the eastern and more thickly settled half of the continent. 

Very little is known concerning those which are native to the region 

west of the Mississippi River. Those chiefly reported in the news- 

papers throughout the United States are poison ivy, the so-called 

‘““wild parsnip,” and certain fleshy fungi commonly known as toad- 

stools. It is true, however, that a considerable number of plants 

should, at least provisionally, be ranked as poisonous in the flora of 

a comparatively new country, such as the United States. It is a fair 

presumption that every plant is poisonous which is very closely re- 

lated to a species recognized as virulent in other countries. It is pru- 

dent, also, to suspect all plants popularly supposed to produce ill 

effects, regardless of the results of analyses hitherto made, for the 

chemical and biological investigation of plant poisons is as yet too little 

advanced to furnish conclusive data in all cases. 

There are several causes which tend in the United States and 

elsewhere to an underestimate of the number of poisonous plants. 
or 
vl 
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In the absence of statistics, objection is made to an increase in the 

number of ill-reputed species for zesthetic reasons, and on the ground 

that plants exist for consumption by animals, and can not therefore 

be poisonous. These ideas are wholly without scientific foundation 

and are deplorably misleading; indeed, instances might be cited where 

men have nearly sacrificed their lives in attempting to verify the sup- 

posed innocent nature of certain plants which authorities have de- 

elared harmless. Yet, it is impossible to refute these ideas all at once, 

on account of the apparent uncertainties and contradictions which 

the subject presents to the novice. <A full acquaintance, however, 

with the preparation of drugs and with their action upon animals 

removes many of these uncertain factors. 

It is characteristic of organisms, both plant and animal, that their 

elements are slowly but constantly undergoing chemical changes. 

During health these changes take place naturally and afford heat and 

nourishment. In sickness they take place with greater or less rapid- 

ity, according to the chemical nature of the compounds involved in 

the disease, and are modified by the proper application of drugs. 

Poisons differ from foods and medicines mostly in the rapidity, but 

also to some degree in the character, of the chemical changes which 

they produce. They are therefore to be considered as substances 

which are unstable or extremely liable to change. This fact has 

always been recognized to a limited extent by experts, but it has only 

somewhat recently become known that certain plant poisons are 

destroyed even by the addition of alcohol, or by simply heating to a 

temperature of 60° C. Thus, the poison is subject to destruction in 

the process of analysis. Further than this, it may not exist in the 

part analyzed; and, moreover, the amount varies greatly in the same 

species, according to climate and the conditions of soil and season. 

Again, the susceptibility of animals differs greatly. Some are little, 

if at all, affected by poison taken in quantities which, judging from 

the effects produced on others, should cause instant death. This may 

be due to differences in physiological functions, in character of food, 

or in natural or acquired habits. It is well known, for example, that 

large quantities of certain poisons, such as strychnine, opium, and 

arsenic, can be taken with impunity by man after the long-continued 

use of small doses. May not this endurance of certain animals be ex- 

plained on analogous grounds? Other factors which determine differ- 

ences of action are age, sex, temperament, and idiosynerasy; the 

latter explains why strawberries are poisonous to some individuals. 

In the widest sense, therefore, all those plants should be classed as 

poisonous which have ever produced ill effects accidentally, and not 

those alone which the combined knowledge of the botanist, the chemist, 

and the animal expert has proved to be such. Especially should 

this view be taken in a new country, and in the case of plants likely 

to tempt the appetite. By this cautious attitude the dangerous plants 
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ean be ascertained and antidotes be determined without repeated 

sacrifice of life and property. 
Chemistry has already rendered much service in explaining the 

obseure behavior of some of these poisonous plants, and it is believed 

that recent discoveries will point out the true character of some spe- 

cies which have hitherto baffled all scientific progress. 

POISON IVY. 

The poison ivy (Rhus radicans) occurs abundantly throughout 

the United States east of the Great Plains, and in greater or less 

abundance throughout the less 

arid regions of the West, with the 

exception of California, where it 

appears to be entirely wanting 

in all localities. It grows every- 

where in the open. brush, in 

ravines, and on the borders of 

woods, and it spreads along road- 

sides and cultivated fields from 

seeds carried by crows and other 

birds which feed upon its fruit. 

It is generally a climbing vine, 

but if no support is at hand it 

either trails along the ground or 

sends up short vertical shoots. 

(Fig. 24.) 

Besides one near Western rel- 

ative, which is almost as poison- 

ous, there are no other plants 

which resemble it closely except- 

ing the nonpoisonous box elder, 

the leaves of which bear a strik- 

ing resemblance to those of the 

ivy. It is only in its seedling 

stage, however, and when growing along hedges, that the box elder 

could be taken for ivy. The Virginia creeper, also nonpoisonous, is 

sometimes mistaken for the poison ivy, but it is easily distinguished 

by having five, instead of three, leaflets, all of which spread out from 

a common point, like the fingers of the hand. 

Perhaps no plant is more popularly recognized as harmful than the 

poison ivy. Its effects upon the human skin are familiar to everyone, 

and as its victims far outnumber those of all other species combined it 

has come to be regarded as the principal poisonous plant of America. 

Some of its other common names are poison oak, poison vine, and 

mercury. Its nearest relative is a plant known to botanists as P/is 

diversiloba (fig. 25), which grows in similar situations at low altitudes 

Fig, 24.—Poison ivy (Rhus radicans). 
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throughout the Pacific Coast from Lower California to Canada and 

northward. Western people call it poison oak because the leaves, 

though very unlike those of the common Eastern oaks, bear a con- 

siderable resemblance to the common species of the West. The leaves 

differ in size, as well as in shape, from those of the poison ivy. Ranked 

together in the same genus are two other poisonous plants, which, 

although they produce the same effect upon the skin, are yet totally 

different in their gross appearance, being thus more closely allied to 

the sumac or nonpoisonous species of the group. Only one of these 

is at all common, and that is the poison sumac (Rhus vernia), which 

is found growing in swamps from Florida to Canada and westward to 

the Mississippi Valley. It is a 

shrub or small tree, 6 to 18 feet in 

height, with long pinnate leaves 

having from 7 to 13 smoothly pol- 

ished leaflets. It is also commonly 

known as ‘‘ poison dogwood,” ‘‘ poi- 

son ash,” and ‘‘poison elder.” 

(Fig. 26.) The other poisonous 

sumae (Rhus michauxit) is a rare 
shrub, recently rediscovered in 

North Carolina. 

Poisonivy has long been regarded 

by the ignorant with a degree of 

awe akin to superstition. No one 

was able to tell how it produced its 

effects, and why it attacked some 

people and not others. Mysterious 

principles were relied upon to ex- 

plain the phenomena, and up to the 

present time the common belief has 

been that the poisonous constituent 

was really an exhalation from the 

plant. In the latter part of the last 

century if was so regarded by the 

expert; then, as our knowledge of plant chemistry advanced step by 

step, it was attributed more concretely to a specific gas, a volatile alka- 

loid, and a volatile acid like formie acid. More recently still, bacteria 

have been accused of causing the affection. Experiments have seemed 

to verify these ideas in turn, but the falsity of all has at last been proved 

by the discovery of a more tangible compound. In January, 1895, 

Dr. Franz Pfaff, of Harvard University, announced that the poison 

is in reality a nonvolatile oil. Numerous experiments have been per- 

formed with the purified oil, and it has been shown to produce exactly 

the same effects as the plant itself. Dr. Pfaff has called this substance 

‘*toxicodendrol.” It is found in all parts of the plant, even in the 

Fic. 25.—Poison oak (Rhus diversiloba). 
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wood after long drying. Like all oils, it is insoluble in water, and 

therefore can not be washed from the skin with water alone. Alcohol 

dissolves it readily. Alkalies saponify it, and thus render it inert, but 

this result is more easily obtained by an alcoholic solution of the sugar 

of lead (lead acetate). Numerous experiments show that when the 

smallest amount of this oil is applied to the skin it is very gradually 

absorbed in the course of a few days, and that within certain limits the 

longer it remains upon the skin the greater will be the effect produced. 

In an experiment performed by the writer at the Department of 

Agriculture the oil was applied to four spots on the wrist and care- 

fully kept from spreading to other parts of the body. At the end of 

an hour one of these spots was well washed with successive treatments 

of pure alcohol; in three hours 

another was washed clean in the 

same manner; the other two were 

allowed to remain three hours 

longer. The effect produced on the 

first spot was very slight; that on 

the second was more marked, but 

did not equal the effect produced 

on the other two, which was about 

equal. Theaffected places were all 

within an inch of each other, but 

all remained wholly distinet, a cir- 

cumstance which very clearly shows 

that the affection is not spread 

through the ageney of the blood. 

Subsequent applications of an alco- 

holie solution of the sugar of lead 

gave immediate and permanent 

relief. In practice it is not desira- 

ble to use strong aleohol, which is 

apt to be too irritating to a sensi- 

tive surface, but a weaker grade of 

from 50 to 75 per cent should be preferred, and to this the powdered 

sugar of lead is to be added until no more will dissolve. The milky 

fluid should then be well rubbed into the affected skin, and the oper- 

ation repeated several times during the course of a few days. The 

itching is at once relieved and the further progress of the malady 

is checked. The remedy has been tried in a large number of cases 

and has always proved successful, but it must be remembered that it 

is itself a poison when taken into the mouth. 

Poison ivy being so great a public nuisance, it is strange that no 

legal measures have ever been carried out to suppress its growth. 

Municipalities protect their people against diseased food by the 
z 

appointment of inspection agents, and farming communities defend 

Fia. 26.—Poison sumac (Rhus vernix). 
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themselves against the ravages of animals by bounties. Why should 

not this plant in some way be provided against, especially now that 

its poisonous nature and its antidote are so exactly known? Much 

would be accomplished if the owners of suburban places of popular 

resort were compelled to weed out the vine from their premises. The 

regulation might also be made to cover its destruction along the 
country roadsides. 

THE AMERICAN WATER HEMLOCK. 

The American species of water hemlock (Cicuta maculata) is by far 
the most virulent plant native in the United States. (Fig. 27.) Itis 
found growing at low elevations, along streams and ponds, and in 

marshy ground throughout the eastern portion of the continent, not 

extending apparently very far west of the Great Lakes. It is peren- 

nial in duration and grows to a height of from 4 to 8 feet. In some 

river marshes if is so extremely abundant that in early summer 

the landscape is whitened by its bloom. It belongs to the well- 

known parsley family, and may easily be distinguished by its fasci- 

cled, spindled-shaped roots, which are from 14 to 5 inches in length, 

and by the trellised structure of the underground portion of its 

main stem. Both of these parts are strongly impregnated with a 

yellow, aromatic, oily fluid, which has an odor resembling that of 

the parsnip. A few of the common names by which the plant is 

known in various localities are, water hemlock, wild hemlock, beaver 

poison, musquash root, muskrat weed, cowbane, and children’s bane. 

It is frequently mentioned in the newspapers under the erroneous 

name of ‘‘wild parsnip.” The plant is closely allied to the less com- 

mon and somewhat less virulent poison hemlock ( Coniwm maculatum) 

with which Socrates was put to death, but it has several nearer rela- 

tives equally poisonous with itself. Cicuta virosa, the species which 

is. particularly dreaded in Europe, probably does not oceur in the 

United States; C. bulbifera is found from Indiana to Delaware; C. 

vagans in Washington, Oregon, and northern California, and C. bolan- 
deri in California. All grow best in damp, marshy places, and closely 

resemble one another in external appearance and toxic properties. 

The victims of these plants are chiefly but not exclusively herbiv- 

orous animals. The underground portions are the most poisonous, 

and as these are often washed, frozen, or dug out of the soil during 

winter and early spring, they are sometimes eaten by children and by 

animals, the former mistaking the roots of the American water hem- 

lock for horse-radish, parsnips, artichokes, sweet cicely, or other edible 

roots, the animals eating the various kinds because they are among 

the first green substances to appear in the spring. In marshes where 

any of the species is abundant, cattle are also said to be poisoned by 

drinking the water which has stood in contact with roots that have 

been crushed by being trampled upon. The poisonous constituent 

— 
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resides in the aromatic oily fluid already mentioned. This fluid has 

not been thoroughly analyzed in the case of the American water hem- 

lock, but it is highly probable that besides conine all the species con- 

tain cicutoxine, a resinous substance which is characteristic of the 

water hemlock of Europe and is much more poisonous than the alka- 

loid conine. Cicutoxine was discovered in 1875, and has since been 

shown by animal experimentation to produce the same symptoms as 

the plant itself. 
No estimate can be made of the amount of damage done to live stock 

by these various species, but it is not insignificant. The human vic- 

tims of the American water hemlock probably average a considerable 

number per annum. In the 

State of New Jersey alone 
two quadruple cases of poison- 

ing were reported during the 

spring of 1896, which resulted 

in the death of two individuals. 
Falek, a German authority, re- 
ports a 45 per cent fatality in 

thirty-one cases of water-hem- 

lock poisoning occurring in Eu- 

rope. 

The symptoms of poisoning 

are vomiting, colicky pains, stag- 

gering, unconsciousness, gnash- 

ing of the teeth, and frightful 

epileptiform fits, ending in 

death. As no chemical antidote 

is known, the treatment must 

consist in a thorough cleansing 

of the alimentary canal and in 

combating the symptoms as they 

arise by the use of chloroform, 

chloral, and such agents as seem \ 
to be indicated at the time. FG. 27.—American water hemlock (Cicuta macu- 

Herbivorous animals which have baleen 
swallowed a sufficient dose generally die, but they are sometimes 

saved by two or three doses of melted lard, which tends to retard the 

absorption of the poison in the stomach, and also facilitates its expul- 

sion through the intestines. : 

One case will show the general nature of the symptoms. At Bound- 

brook, N. J., in March, 1896, two boys and two girls, while returning 

from school for lunch, stopped to look at some workmen digging a 

ditch. One of the girls spied some water-hemlock roots which had 

been thrown out of the ditch and which she took to be horse-radish. 

More were soon found by the others and, as they proved somewhat 

agreeable to the taste, all ate of them to a greater or less extent. 

After arriving home, but before finishing luncheon, one of the girls 
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was taken violently ill with dizziness and nausea, and was soon in 

convulsions. A physician was summoned immediately, but the girl 

died shortly after his arrival. The others were affected in the same 

way but not so violently, and they were finally saved by skillful 

treatment. The species was determined from specimens sent to the 

Department of Agriculture and from plants grown from these roots. 

THE DEATH CUP. 

The death cup (Amanita phalloides) is the most poisonous of all the 

fleshy fungi. (Fig. 28.) It is found in summer and autumn through- 

out the greater part of the United States, 

growing upon the ground in the woods at 

medium and lower elevations. The stem 

is white. When young it is solid, but 

afterwards it becomes somewhat hollow 

and pithy. The base is surrounded by 

a characteristic cup-shaped appendage, 

the remnant of a veil which covers the 

entire plant when young. The length 

varies from 3 to 5 inches. The cap is 

viscid when moist, and is generally smooth 

and satiny, but it may sometimes bear 

fragments of the outer covering, or veil. 

The gills and spores are white. Several 

varieties of the plant exist, the one most 

common having a white or yellowish cap; 

but this may be green or even spotted 

when growing in deep shade. ‘The gen- 

eral shape is much like that of the com- 

mon mushroom. It is also like that of the 

fly Amanita (Amanita muscaria), which 

is, perhaps, more common, but is less 

poisonous. From the former it is at once 

distinguished by its basal cup-shaped ap- 

pendage, and a child can usually distinguish the fly Amanita by its 

more brilliant coloring. 

The death cup occurs in Europe as well as in America, and it 

is mainly from European sources that our knowledge of it is obtained. 

Pliny ascribes numerous cases of poisoning to fungi, and if appears 

probable from the descriptions given that the poisoning was produced 

in most instances by the above plant or its several varieties. One 

foreign authority has collected 51 cases of poisoning caused by the 
death cup, 75 per cent of which were fatal; and another has found 

descriptions of 48 cases which occurred in Germany alone in the years 
from 1880 to 1890. In the United States it is said that as many as 
25 deaths during the summer of 1893 were due to some species of 

Amanita. 

The amount of the substance of this fungus which is necessary to 

Fic. 28.—Death cup (Amanita 

phalloides). 

ee 
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produce death is very small. The third part of a medium-sized 

uncooked cap is said to have proved fatal to a boy 12 years of age, and 
smaller amounts have affected older persons very seriously. Even the 

handling of specimens and the breathing of the spores have appar- 
ently given rise to very pronounced uneasiness. The spores are also 

suspected of having caused trouble by being deposited on edible fungi 
which were placed in the same basket. 

The fresh fungus is very inviting in appearance and has no bad 

taste when eaten either raw or cooked. There is no uneasiness felt 
by the victim until from nine to fourteen hours after eating. Severe 
abdominal! painthen sets in, which israpidly followed by nausea, vomit- 
ing, and extreme diarrhea, the alvine discharges assuming the peculiar 
rice-water condition which is characteristic of Asiatic cholera. These 
symptoms are persistently maintained, but without loss of conscious- 
ness, until death ensues, as it does in from two to four days. 

Since the year 1869 death from Amanita poisoning has generally 
been attributed to the alkaloid muscarine (wrongly called amanitine). 
This is true of a large number of cases. In some, however, it has 

been noticed that the toxie action was quite different, and that the 

effects could not be successfully counteracted by the use of atropine, 

which is a perfect antidote to muscarine and certain more or less 

closely related compounds. This difference seemed to be especially 

marked in the ease of the death cup, but chemists were unable to 

isolate and describe its peculiar principle until recently. This was 

done in 1891 by Kobert at Dorpat, in Russia, and the substance was 

called phallin. Its characteristic action consists, not in inhibiting 
the action of the heart, but in dissolving the red blood corpuscles and 
permitting the blood serum to escape through the alimentary canal. 

Phallin is a remarkable substance. Nothing like it was known te 

exist in plants until 1884, when abrin, the poison of the East Indian 

jequirity (Abrus precatorius), was isolated and described by two 
Englishmen. Mitchell, an American, had shown in 1860 that a simi- 

lar substance existed in the venom of the common rattlesnake, and 

others have more recently shown that such compounds are not uncom- 

mon innature. They are now known to exist in the venom of various 

serpents, in the poison gland of some insects, in the cultures of such 

pathogenic bacteria as those characteristic of diphtheria and typhoid 
fever, and in a few plants, such as the barbadoes nut and the castor- 
oil bean. All partake of the nature of albumen, and are therefore 
ealled tox-albumins. They are easily coagulated and thus rendered 
inert by a temperature somewhat below that of boiling water, and 
all dissolve readily in a solution of common salt. Phallin is odorless 
and tasteless, and, like the other tox-albumins, causes death only 
after a long interval. The fatal dose for cats and dogs is less than 
one-tenth of a milligram per kilogram (seven ten-thousandths of a 

grain per pound) of body weight, and death follows in from four to 
seventy-two hours. 
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Salt water is commonly used in the preparation of fungi for food, 

and some pretense at cooking is generally observed; such treatment, 

although it would not remove the poison of the deadly Amanita 

(Amanita muscaria), would, if thorough, totally remove that of the 

death-eup fungus. The uncertainty of an adequate treatment is so 

great, however, that the plant should be rejected asa food and branded 

as poisonous. The danger is made much more emphatic by the fact 

that there isno known antidote for phallin. Whena case of poisoning 
ecurs, the action of the muscarine-like compounds, which are in all 

cases to be suspected, is to be counteracted by the hypodermic use of 

atropine, but the ultimate effects of phallin are only to be offset by 

transfusions of common salt, or by blood taken fresh from the veins 

of some living animal. There is generally little need of agents to 

evacuate the stomach and bowels. 

The following account of a case of poisoning by the deadly Amanita 

was reported in one of the Washington (D. C.) newspapers for Octo- 

ber 18, 1894. The report was verified and enlarged by consultation 

with the physicians who attended the patient. The victim, Chung 

Yu Ting, was a highly educated Chinaman, who was serving as inter- 

preter in the household of a Russian nobleman. The fungus was 

identified by the microscopist of the United States Department of 
Agriculture. 

Having been accustomed to eating fungi in China, Chung gathered 

a large quantity of this luscious-looking fungus and ate it at 2 p. m. 

on Saturday, after preparing it according to his own method. At 9 
p. m. no ill effects had been observed, but shortly after midnight he 

was found in terrible agony. The vomiting and purging had been 

profuse, and in the bowl containing the vomit, the tough, apparently 

undigested morsels of fungus were found in great numbers. - Medical 

aid was summoned at once and hypodermic injections of atropine and 

morphine given, but apparently without effect. The discharge of 

blood and blood serum which began in the early course of the attack 

continued to be so profuse that it was soon found impossible to raise 
a blister on the abdomen by the use of cantharides. Nothing what- 

ever could be retained on the stomach, and it was found impossible to 

give nourishment inany way. Hypodermic injections of nitroglycer- 

ine and strychnine were used with good effect upon the heart, but the 

continued use of atropine appeared to do no good. ‘The rice-water 

discharges continued unchecked, and the patient’s strength declined 

steadily until death occurred on the morning of the fourth day after 
the fungus was eaten. 



TIMOTHY IN THE PRAIRIE REGION. 

By THomas A, WILLIAMS, 

Assistant, Division of Agrostology, U. S. Department of Agriculture. 

GENERAL REMARKS. 

Searcely more than a deeade ago nine out of every ten farmers on 

the Western prairies would have said to you, ‘‘ You can’t grow timothy 

in this country.” True, a few of the more careful men in the more 

favored localities seemed to have no difficulty in making a success of 

timothy growing, but the average farmer of the prairies found so 

much trouble in growing it that he was firmly convinced of the use- 

lessness of making the attempt. This was especially true if his farm 

was on the uplands. 

However, there was little need of any other forage than the native 

grasses in the earlier days. Land was plentiful, and every farmer 

was within easy reach of enough vacant territory to supply his steck 

with the necessary hay and pasturage. Consequently most of the 

attempts at growing timothy were of such a half-hearted nature that 

there is little wonder that so few were successful. Then, again, few 

farmers understood the nature of the soil, or, for that matter, of the 

timothy itself, sufficiently to go about the work intelligently. Soil 

and climatic conditions were very different from those in the East, 

where most of them had gained their experience in timothy growing. 

Though there was usually plenty of rain in early spring and in 

autumn, there was very little during the summer. Such conditions 

were favorable to the growing of small grain, but the hot, dry sum- 

mers were fatal to timothy without a different treatment from that 

usually given to it. Moreover, as is always the case in a newly 

settled region, the tendency at first was to loose and careless methods 

of farming. Too often the only attention the farmer gave to the 

timothy field after seeding it was to take off whatever crop of seed or 

hay there might be and then to allow the stock to run at will over the 

field during the remainder of the year. As the land was usually very 

smooth and it was possible to run the mower very low, the field would 

often be literally shaved close to the ground. Of course, such treat- 
ment resulted in a very short-lived meadow, which ‘‘ would not pay,” 
and timothy growing was abandoned, at least for the time. This has 
been the custom and these the results of thousands of attempts to 
grow timothy on the prairies of Kansas, Nebraska, the Dakotas, and 
Minnesota. 

But as the country became more thickly settled, native hay and pas- 
ture lands grew scarce and correspondingly less adequate to supply 
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forage for the stock. Then it was that timothy growing was begun 
in earnest. By this time farmers had come to a better understanding 
of the methods of handling the soil as well as of the needs of the tim- 

othy. Then, too, the breaking up of the sod and the setting out of 

groves had produced a change in atmospheric conditions more favor- 

able to the development of the grass. Hence, in spite of the early 

prophecies regarding it, timothy is to-day one of the most commonly 

cultivated forage plants throughout a large portion of the great 
prairie region of the Mississippi and Missouri valleys. Good timothy 

meadows may be found not only along the lowlands of the valleys, 
but also on the farms of the upland prairies. There are upland 
meadows in eastern Nebraska which have been in constant use for 

fifteen years or more, and in that time have not failed to yield a 

paying crop. Wherever irrigation is possible, excellent crops of 
timothy are easily grown. 

SEEDING. 

The methods of seeding down to timothy in practice among farmers 

and stock raisers vary widely according to the peculiarities of the 

different regions. Experience has long since shown that what will 

succeed in one may failin another. There are, however, certain fea- 

tures of timothy growing to which everyone must give close attention 

if he would secure the best results. 
Timothy is a surface feeder, and hence the soil should be prepared 

in such a way as to concentrate an abundance of plant food near the 

surface and to allow the roots to penetrate to as great a depth as pos- 

sible. One of the most common practices is to begin at least a year 

before seeding to the grass and put the field into some crop which will 

allow the land to be given a deep, late plowing, and a heavy coating 

of manure. If the land has been kept clean, it will usually be in good 

condition for fall sowing, if the season is favorable. If not, it may be 
further enriched, fall plowed if necessary, and seeded the next spring. 

It has been found that while the soil should be mellow down to a good 
depth, yet it should not be too loose, or it dries out too readily, and 

the timothy will not form a good sod. This has led some farmers to 
the belief that pasturing is a good thing for timothy meadows. They 
would often find that the grass in a growing meadow would stool out 

better after the stock, especially cattle or horses, was allowed to run 

on it for atime. The trampling of the stock simply compacted the 

soil which before had been too loose. Very often the farmer would 

be misled by this and would allow his stock to run on the meadow to 

such an extent as to ruin it entirely. 
In Iowa and eastern Nebraska the roller is often used to compact 

the ground, particularly if it is cloddy, or if the seeding has been done 

in the spring and a nurse crop has been sown. In the lighter, sandier 

soils of the Dakotas and of western Nebraska rolling can not be prac- 

ticed, since the soil is made so fine that the winds blow it off and 

uncover the seed or blow both seed and soil away. 

In Nebraska and the Dakotas very fine stands of timothy are often 
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obtained by sowing in the fall on millet stubble. In this case the 

land is given a thorough coating of well-rotted stable manure, and is 

plowed very deep and as late as possible, so as to kill all the weeds 

that may start. The millet is cut early and the timothy is sown 

directly on the stubble and covered by a thorough dragging with a 

heavy harrow. In this treatment the land should always be made 

very rich and the millet should be cut before the seed has developed. 

It is also a good plan to leave the stubble long, to serve as a snow 
catch for the protection of the timothy. A more common practice is 
to manure the ground thoroughly, plow, and plant to corn or some 

other cultivated crop that does not draw heavily upon the soil; 

manure lightly with well-rotted stable manure the next spring and 

sow to timothy, using wheat or some other small grain as a nurse 

plant. The wheat is usually sown broadcast and covered with a 

cultivator, harrowed smooth and the timothy sown later and the 

ground rolled or gone over with a brush drag. This is one of the 

most successful methods. Another plan often followed is to take a 

field that has raised a crop of small grain (say, oats), manure heavily, 

and fall plow, sow in spring to wheat or barley, either with drill or 

broadeast, and seed to timothy, either with the nurse crop or later. 

Timothy is often used in reclaiming worn-out native meadows and 
pastures, and with proper treatment very good results are obtained. 

It seldom yields well in pastures, however, for more than two or three 

years in succession unless the land is very rich and moist. It is there- 
fore the best plan to sow blue grass with the timothy, and by the time 

the latter is pastured out the former will have occupied the land. 

Sowing on native turf is usually done in early spring. The seed is 

sown broadcast, and then the ground is gone over thoroughly with 

aheavy harrow. Native meadows on low, rich soil, that have become 
thin from continuous close cutting may be very materially strength- 

ened by the addition of a little timothy in this manner, as the writer 

knows from experience in both Nebraska and South Dakota. 

In some parts of the Dakotas timothy is often drilled along with wheat 

simply for the fall and spring pasturage, and then the field is plowed 

and planted to corn. This has been done with considerable profit on 

large stock farms when seed is not too dear and there is plenty of mois- 

ture. Theregular pasture may be allowed to rest during fall and spring, 

and thus be in better condition for the summer. The green timo- 

thy makes a valuable addition to the straw and other ‘‘roughness” 
which the stock gets in the field during the late fall and early spring. 

The amount of seed used per acre varies from 8 to 16 quarts, but 
in common practice it is seldom more than 12 quarts. For all pur- 
poses broadcasting gives better results than drilling when timothy is 
sown alone, but it is necessary to cover the seed more deeply than 

is the custom in the East on account of the lighter soil and the liability 

to more or less protracted droughts. 
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AFTERTREATMENT OF TIMOTHY MEADOWS. 

In the great majority of eases the real cause of the success or failure 

of the timothy field lies in the treatment it receives after it has been 
seeded down. Asarule, it is nota difficult matter to get a good stand 

of grass. The trouble is in so handling the field as to get good returns 

and still keep the sod in a healthy, growing condition. 

Throughout the entire prairie region the time and manner of cutting 

have much to do with the vitality of the sod. In all dry situations 

timothy develops bulbous thickenings (fig. 29) of greater or less ex- 

tent at the bases of the stalks, which become filled with water and 

enable the plants to survive droughty periods. If the cutting takes 

place too early in the season, these bulbs do not become sufficiently 

developed and the plants are more easily influenced by the hot, dry 

weather which often prevails during summer and autumn. Again, 

the conditions may be such that a late cutting may do serious damage 

to the sod. If the early part of the season has been dry and rains in 

July produce a second growth, the farmer usually waits as long as he 

ean before cutting, in order to get as large a yield as possible. It is 

seldom that much aftermath is developed, on account of the lateness 

of the second growth, and if the timothy is cut too close to the ground 

the sod is very likely to suffer badly. Hence, along stubble should be 

left. In fact, it is never a good plan to cut closer than 3 or 4 inches. 

When timothy is sown in the spring, it is usually best to go over the 

meadow with the mower to keep the weeds down, but not with the 

intention of cutting a crop of hay. Sometimes a little seed may be 

obtained the first season, but this is generally needed to fill in thin 

places in the sod. 
The best hay is obtained by cutting during full bloom or when the 

‘“blossoms” fall. The feeding qualities are best at full bloom, but 

most farmers prefer to cut a little later, as the pollen makes the hay 

‘“dusty,” which is avoided by waiting. It sometimes happens that, 

on account of lack of moisture, the first growth is light, and abundant 

rains in June or July may cause a strong second growth to spring up, 

which will not be in its prime until the first has reached an advanced 

stage of development. In such cases it would be more profitable to 

cut late, provided the proper precautions are observed as to the con- 

dition in which the sod should be left. There is a growing sentiment 

in favor of cutting timothy with the self-binder for hay as well as for 

seed, and the practice has much to commend it. With right treat- 

ment the hay cures well, is much more easily handled and fed, and 

ean be stored in a more limited space than when cut in the ordinary 

way. 
Experience has shown that, under the ordinary conditions obtain- 

ing in the West, pasturing has a bad effect wpon the vitality of the 

timothy meadow. The trampling of the stock destroys the bulbs of 

the plants and packs the ground, rendering it more liable to bake. 
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Sheep are particularly hard on timothy, because of the close grazing 
and excessive trampling resulting from their habit of feeding in 

flocks. When the meadow is on low, rich, moist bottom land, it 
will stand a limited 

amount of grazing. 
There is some doubt 
as to whether spring 
or fall pasturing does 

the greater injury. 

At the Utah Experi- 
ment Station, in a two 

years’ trial, spring 
grazing did the most 

damage. Many farm- 

ers, however, hold 
that spring grazing 

does less damage if 

the stock is taken off 

before the timothy be- 
gins to ‘‘joint.” Itis 
more than likely that 
much depends upon 

the character of the 
season and the con- 
dition and treatment 
of the sod. 

Since most of the 
nourishment which 

this grass draws from 

the soil comes from 
near the surface, the 

meadow should be 
given a top-dressing 

every year or two. 

Ordinary stable ma- 
nure is most com- 
monly used in the 
West, since it is the 
only fertilizer easily 
accessible. It should 

be well rotted when 
applied, and then it 
will be readily availa- e 

| baa ee 
practice the manure 

is put on the field during the fall, winter, or spring, as best suits the 
convenience of thefarmer. The least waste occurs and the best results 
are obtained, however, when application is made in early spring. 
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It is a frequent thing for the timothy meadow in the West tc become - 
‘“‘hidebound.” This usually occurs in meadows that have been in use 
for some years, and is due mainly to two causes. In the first place, 
through insufficient cultivation the driving rains and hot summer 
suns pack and bake the ground so hard that the plants can grow only 
with great difficulty; in the second place, as the plants become older 

a great many offshoots are developed, each with its bulbous base, and 

all are crowded together in such a small area that none can make a 

satisfactory growth. The remedy for such a condition of things is to 
give the meadow a good top-dressing in early spring and follow this 

with a heavy harrow, thoroughly tearing up the sod. This breaks up 

the crust and allows the soil to absorb water more readily, while it 
tends to lessen the loss by evaporation. It also separates the bunches 

of timothy plants and allows them to develop properly. If the 

meadow is top-dressed and harrowed often enough, this ‘‘ hidebound ” 

condition will be avoided. 
From the fact that there is less need of frequent rotation in the 

West than in the East, the Western farmer usually desires a long-lived 
meadow. With this end in view, he welcomes any practice that will 

increase the vitality of the meadow, and hence its longevity. ‘Top- 
dressing, harrowing, or cutting up the sod with a cornstalk cutter, 

mowing at the proper season and in the proper manner all tend to 

increase the life of the meadow. It is also a good practice to sow a 

small quantity of red clover or alsike with the timothy. These not 
only add materially to the forage obtained, but also have a good effect 

upon the soil, and are thus a benefit to the timothy. It is usually 

necessary to sow a small quantity of clover about once in every 

three years. 
Many farmers sow also a small quantity of redtop with their tim- 

othy. This grass fills in the spaces between the bunches of timothy, 

and hence a more even sod is produced. It is not a good plan to use 

too much redtop, however, or it will crowd out the timothy, as it is 

very hardy and spreads more rapidly than the latter. 

GROWING TIMOTHY FOR SEED. 

Western-grown seed is eagerly sought by many seedsmen on account 

of its greater vitality, and hence the growing of timothy for seed has 

become quite an industry in certain localities. The heads always 
fill out well, and even when quite thin on the ground the yield is 

sufficient to render the business a profitable one on account of the 

relatively low price of land and the small amount of labor and 

expense necessary to grow and market the crop. While the vitality 

of Western seed is high, it requires a great deal of care to harvest it 

in such a manner as to get a high grade in color. An excessively 

bright sun is very likely to bleach out the seed and thus injure its 

selling qualities. On the other hand, the ease with which timothy 

can usually be cured and the seed saved in the West are points 

in its favor. 

——— 
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As a rule, timothy is cut at about the time the early maturing 

heads are beginning to be overripe. When the seed in most of the 

heads is ripe enough to cut, the leaves are still quite green, and 

hence the straw makes fairly good feed after thrashing. The cutting 
is usually done with a self-binder, and the bundles are made rather 

small and bound somewhat loosely. They are shocked two and two, 

and the timothy is usually thrashed, without stacking, as soon as it is 

thoroughly dry. The hauling is done, if possible, in racks with tight 

bottoms, so that the shattered seed may be saved. In this way, 

though a small amount of seed is often lost because some of the 

heads are not well ripened, the loss is more than made good by the 
better quality of the straw, and the farmer gets a yield of from 6 to 
12 bushels per acre of first-class seed in addition to a large amount 

of forage of a fair quality, which can be used to good advantage as 

horse feed during the winter or as ‘‘roughness” for fattening cattle 

or other stock. 
If the timothy is allowed to stand too long, there is danger of as much 

loss from shattering as there is gain from the later ripening heads, and 
then the forage is rapidly deteriorating all the time. The shocking 

must be carefully done, and the bundles handled as little as possible 

in getting them to the thrashing machine. The timothy must not be 

allowed to stand too long in the shock, as again there may be consid- 

erable loss from shattering, and the quality of the seed may be injured 

by bleaching through exposure to sun and rains. 

THE QUALITY OF WESTERN-GROWN TIMOTHY HAY. 

A finer quality of hay can be grown in the West than in the East, 

but the average yield per acre is less, except under irrigation. The 

following table gives a comparison of the chemical constituents of 

Western hay, cut just after blooming, with the average of eleven 

analyses, chiefly of hay grown in the East: 

Air-dry material. 

ag or Western 
Constituent. (average (Ss ca 

of eleven | 4 Abe 
analyses). akota). 

ee Sa a re a es eo te dawn seen 14.2 10.4 

SS a ee ee ee es 4.4 6.6 

Ee ono a See wane eee ee a tocne w ence ndeene 3 8.2 

es eS SB a a SO 28.1 80.8 

Se Foe abe ere ep op ee 5.7 7.9 

RTT OCLC G2 = se De a ge es 44.6 41.1 

WutriveTavio._............_- SE SE rey Pe nee oe Be ed re, 1:17 | 1:12. 2 

It will be seen from this that the Western hay contains more crude 
fiber and more crude protein and has a narrower nutritive ratio. The 

latter fact renders it more nearly a well-balanced ration than the aver- 

age, and hence of more value to the consumer. The conditions of hot 

sun, dry weather, and excessive evaporation under which the Western 
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hay is grown readily explain the larger percentage of crude fiber, and 

the richness of the soil in nitrogenous elements is en respon- 
sible for the larger pereentage of protein present. 

Careful attention to the methods of culture, mentioned in the pre- 
ceding pages, has made timothy growing a success throughout a large 
portion of a vast region in which it was once maintained that it could 
not be grown, and there is every reason to expect that its cultivation 

will become still more general. There is little doubt that it will eon- 

tinue for many years to come to be the principal grass sown for hay, 

for, though it lacks some of the characteristics that a perfect forage 
plant should possess, it is certainly the best hay grass for average farm 
conditions that is at present available. 

On an upland prairie farm in eastern Nebraska, which was the 
writer’s home for many years, there is a timothy meadow which has 
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Fic. 30.—A timothy meadow at haying time in the Gallatin Valley, Montana. 

given a profitable yield every season for over fifteen years in spite of 
severe droughts, and the sod is still in a good, healthy, growing condi- 
tion. It has never been reseeded, and clover has been sown but once. 
During the past four years, two of which were very dry, the average 
yield has been 22 tons per acre, the lowest yield being 14 tons and the 
highest 42, tons. Similar fields are found in the Dakotas and other 
prairie States. 

In the Dakotas, Montana, and other States where irrigation is prac- 
ticed, enormous crops of timothy are raised. In the James Valley, in 
South Dakota, and in the Gallatin Valley (fig. 30), in Montana, the 
writer has seen crops of timothy and of timothy and clover raised 
under irrigation that were very fine indeed, considerably exceeding in 
value the crops of wheat raised under like conditions. 



THE COUNTRY SLAUGHTERHOUSE AS A FACTOR IN 
THE SPREAD OF DISEASE. 

By Cu. WARDELL STILES, Ph. D., 

Zoologist of the Bureau of Animal Industry. 

INTRODUCTION. 

Generally speaking, the places for slaughtering animals for food 

may be divided into large abattoirs and local slaughterhouses. The 
former are usually located in cities, and operated in connection with 

packing houses. The latter are used chiefly by the meat dealers of 

the country towns, and the animals slaughtered at these places are 

generally, if not always, for local consumption. In this article it is 

intended to discuss only the local slaughterhouses in their relation to 

disease, and the criticisms here made do not apply to the large abat- 

toirs which prepare meat for export and interstate trade in accordance 

with the system of Government inspection now in force. 

It is impossible to ascertain from the State authorities the total 

number of places of slaughtering in either of the States discussed, so 

that no definite figures can be given covering the entire area visited, 

but a certain number of representative towns will be considered, in 

which the data were obtained by personal investigation. 

The butchers of the counties visited supply themselves with meat 

from the following sources: 

(1) Some meat dealers, especially those of the cities and larger towns, 

obtain all their meats from the large packing houses and do no slaugh- 

tering themselves; this class does not, therefore, enter into the field of 
this article. 

(2) In a few cases meat men were found who did their own killing, 
but who had no regular place for slaughter. These men would drive 

from farm to farm and buy one or two animals, which they killed at 

the place of purchase, throwing the offal of the slaughtered animals 

to the farmers’ hogs. They would take the dressed or partly dressed 
eareass to their meat shop and place it on the block. 

(3) In a number of cases small dealers were found who had no 
slaughterhouse of their own, but who did all their killing at slaugh- 

terhouses controlled by other local butchers. 

(4) In two towns at least it was learned that farmers occasionally 
slaughtered their own animals and brought them to town dressed or 

partly dressed, selling them in halves or quarters to the local butchers 

or to families, hotels, restaurants, ete. The farmers were in the habit 

of feeding the offal of the slaughtered animals to their hogs. 
155 
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(5) The majority of the local dealers in small towns own or rent 
small slaughterhouses. In nearly all cases these houses are located 

on or just beyond the town limits. They are frame structures, gen- 

erally of one room, built directly on the ground or raised several feet, 
and surrounded by a small yard, or in many cases situated in a large 

field. 

In perhaps the majority of cases the butchers controlled a small 

piece of land, and, as a rule, hogs were kept on the premises to eat 

the offal. In many instances the houses were located on the banks 

of rivers or creeks into which the premises drained. Frequently the 

offal was thrown down an embankment toward the water and left 

there to be eaten by hogs and rats or to decay and drain into the 

stream. In some cases the slaughterhouses were located on farms. 

These farms were either owned by the butchers or a farmer would. 

give to the butcher, for his slaughterhouse, the use of a piece of ground 

on the corner of his premises in return for the use of the offal as food 

for his hogs. 

A very important matter from the standpoint of public hygiene is 

that in case a town was provided with more than one slaughterhouse, 

the houses were rarely segregated, but were scattered north, south, 

east, and west, each butcher apparently trying to place his house in 

such a position as to prevent any undue amount of curiosity on the 

part of his competitors as to the character of his stock. 

NOTES TAKEN AT THE VARIOUS SLAUGHTERHOUSES. 

After this general introduction, it may be well to give some notes 

taken upon the premises of various slaughterhouses. The plan of 

inspection followed was first to call on the local board of health and 

the mayor of the town, in order to obtain as much information as pos- 

sible regarding the location of the houses, character of the butchers, 

ete. A visit was then made to the dealer, and permission to visit his 

slaughterhouse was requested; at the same time information was re- 

quested concerning the number of animals used, the origin and dis- 

position of the stock, ete. In these notes any statements not made 

from personal observation are given upon the authority of the mayor, 

the local board of health, or the butchers themselves. As a rule, per- 

mission to visit the grounds was easily obtained and all questions 

were cheerfully answered. In some isolated cases, however, permis- 

sion to enter the premises was refused by the butcher, and these 

places were then inspected only from a distance. It is needless to 

state that these premises were found in poor condition. 

The cases cited below are taken at random from notes covering 
nineteen towns in one State and ten towns in another. The number 
of inhabitants of the towns is for the year 1890. 

Town 1. 

Inhabitants, 1,276. Number of slaughterhouses, 2. Proportion of slaughter- 
houses to inhabitants, 1 to 638. 



THE SLAUGHTERHOUSE AS A FACTOR IN SPREAD OF DISEASE. 157 

Slaughterhouse 1.—About a mile west of corporation limits. Frequent com- 
plaints have been made by persons residing in the vicinity, but at present the 

premises are said to be in much better condition than formerly. About 40 hogs 
are on the grounds, feeding on offal and corn; these hogs are used only for local 

consumption. The offal is thrown out of the slaughtering room down a hill, and 

remains there until eaten by hogs and rats or until decayed; the premises drain 

into a creek, and are overrun with rats. Of 14 rats examined, 10 were infected 

with trichine. 
Slaughterhouse 2.—About a mile and a half east of town; few hogs present, 

feeding on offal and very poorly kept; these hogs are used only for local trade. 

Premises badly infested with rats; 3 out of 8 examined were trichinous. 

TOwN 2. 

Inhabitants, 2,448. Slaughterhouses, 3. Proportion of slaughterhouses to in- 

habitants, 1 to 816. 

The health officer of this town, when asked about trichinosis in this region, ad- 

vised me to ‘‘ask some horse doctor about it, as that disease belonged to horse 

doctors rather than to physicians.” He considered an inspection of meats useless, 
“as no disease could be communicated through the food supply.” As long as such 

a man is allowed to hold the important position of health officer there need be no 

surprise if disease is widespread. 

Slaughterhouse 1.—Butcher owns slaughterhouse a mile and a half southeast of 

town, the yards covering about 40 acres; premises in fairly good condition. His 

shop in town is full of rats; 4 out of 7 examined were trichinous. Butcher stated 
he had repeatedly attempted to feed hogs on offal, but found that they did poorly; 

one of the hired men stated that the proprietor had recently shipped 2 car loads of 

hogs from his slaughterhouse to abattoirs. 

Slaughterhouse 2.—Butcher slaughters on his own farm, 2} miles north of town; 

keeps about 30 hogs, but does not feed for shipment; shop and slaughterhouse are 

both dirty and poorly kept; his 22 cats, however, seem to keep the rats down. 

Slaughteriouse 3.—As filthy, dirty, and rickety a place as can well be imagined; 

situated about a mile east of town; premises are absolutely honeycombed with rats; 

of 5 rats examined, 3 were found infected with trichinze. How the board of health 

can allow such a nest to exist passes comprehension, and how people can purchase 

meat prepared in such a place is a question the writer will not attempt to answer. 

TOWN 3. 

Inhabitants, 1,088. Slaughterhouses, 3. Proportion of slaughterhouses to inhab- 

itants, 1 to 363. 

Slaughterhouse 1.—Half a mile east of town; owner feeds about 150 hogs per 

year on the offal and sells them to shippers, buying hogs from farmers for his own 

block. The house is overrun with rats, but is in fairly good condition. 

Slaughterhouse 2,—Abandoned about a year prior to visit. 

Slaughterhouse 3.—Fairly good condition; 40 or more hogs per year fed on offal. 

Mr. D., a hog ‘‘shipper,” ships about 6,000 head per year. Of this number about 

25, or 2;'5 per cent, are offal-fed hogs, from slaughterhouse No. 1. 

Mr. M., ‘‘shipper,” shipped 3,900 hogs from December 1, 1892, to April 1, 1893. 

Of these hogs, 40 head, or 1,1, per cent, were offal fed, from slaughterhouse No. 3. 

Town 4, 

Inhabitants, 6,747. Slaughterhouses, 4. Proportion of slaughterhouses to inhab- 
itants, 1 to 1,687. 

Slaughterhouse 1.—A mile and a-half southwest of town, on the banks of a river; 

the filthiest slaughterhouse found during the entire tour of inspection. A look at 
the dirty, ignorant man in charge is enough to turn one against any meats which 

may have passed through his hands. He resented the visit in a most ugly manner, 
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although the health officer was in the party. From either the proprietor or his 

hired man it was very difficult to obtain information regarding the origin or dis- 
position of their hogs. Premises in a most horrible condition and totally unfit for 

use as a place in which to prepare food. The killing room is small and dirty, 

although an attempt seemed to have been made to wash the center of the floor after 

slaughtering the last time. Around the sides of the room stood barrels, many of 
them falling to pieces, filled with scraps of meat, and of easy access to rats. The 

blood and offal troughs drain directly into the river. Adjoining the killing room 

is a dirty, filthy rendering room. Some of the swine offal is rendered and the rest 

of it isfed to hogs. The entire premises are overrun with rats, and the hired man 

remarked that he ‘‘frequently poured hot water into the rat holes and killed the 
rats by hundreds” as they ran out. When asked what he did with the rats, he 

replied that he ‘‘did nothing with them; some were eaten by the hogs, the others 

were left to decay.” No rats examined for trichinosis, as that would have been a 
waste of time. Under the conditions existing at this place the infection can cer- 

tainly not be less than 70 to 80 percent. Adjoining the buildings is a yard in 

which hogs, chickens, and turkeys are raised. There were about 70 swine, vary- 

ing from pigs three days old to large hogs. 
The public certainly can not expect that the premises of a country slaughter- 

house will be as clean as a reception room, but butchers, on the other hand, shouid 

not expect that the public will tolerate such filthy, disease-breeding piaces as the 

one just described. 
The local health officer has no authority over this house, as it is outside the cor- 

poration limits; the State board entirely ignores the condition of the slaughter- 

houses, and as a result the public has no protection from the impositions practiced 

by such filthy establishments. 
Slaughterhouse 2.—Situated about half a mile south of town; far above the 

average country slaughterhouse. The premises are dry, except for a small pool, 

which should be taken care of. There are about 20 head of cattle on the place, 

and the proprietor generally keeps from 2 to 50 hogs in the yards, all of which are 

used for local trade; these hogs have access to the offal of the sheep and steers, 

but the offal of the hogs is carried away in barrels and thrown into the river. 
An excellent feature of this place is the bone platform, which, like the house 

itself, is raised about 3 feet above the ground. 
Slaughterhouses 3 and 4.—Two small stanghterhouses are located within a few 

yards of each other, about a mile and a half southeast of town. The buildings 

are raised above the ground and are in fairly good condition; the yards are very 

small and there is evidently no attempt to raise hogs; the offal is thrown into the 

yards and allowed to decay. 

The four towns cited are fair examples of the places visited. To pub- 

lish the notes on the other towns would be simply to repeat the fore- 

going statements. Some places were found in good condition; some 

in a condition that was a disgrace both to their proprietors and to the 

communities that tolerated their existence. 

SLAUGHTERHOUSES NATURALLY CENTERS OF DISEASE, 

The first matter to notice in connection with this subject is that 

every slaughterhouse is from the very nature of things a center of dis- 

ease, and naturally the poorer the condition of the premises the more 

dangerous they are. These facts will appear clear if one considers 

what takes place at one of these houses. Even if only a few animals 

are slaughtered each week, the total number may amount to several 

hundred during the year. Some of the animals are surely diseased. 
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At least one of the hogs has trichinosis, and when the offal of this 

trichinous hog is fed to hogs which are raised upon the grounds the 

latter can not escape infection with trichine. But that is not all. 

The slaughterhouses are often overrun with rats; the rats feed on 
the offal, and when feeding on the offal of a trichinous hog they like- 
wise can not eseape infection with trichine. As a matter of fact, the 
rats captured at slaughterhouses, meat shops, and rendering establish- 

ments were found to be infected in a much greater proportion than 
rats taken from other sources, as is shown by the following table: 

Summary of trichinosis in rats. 

Number Number Number | Percentage 
ane examined. | infected. |/uninfected.| infected. 

Group 1: 

imomerstanenterhouses.._-....--.-.----.--=-- 63 35 98 5b. BS 

Mamma SnOps---------------=---=-----=-=2 7 4 3 BT.14 

Brom packing houses - ---------—---------- = 21 eh Se BREE Oh Teds Y tek ete 

SNE rt 5 ee we se 72 39 383 54.17 

Group 2: 

fipeniiconmonrins.—.-.---+--— 4 8 11 i! 10 9,09 

Prom barns-.--.-.----------------------------+ (rile sees a oe Wells |, tee ik 

Pmeineeg ALOres.--_ 5 <= ----- 1 Sea e eee ee ee ee 
0 J Se ee eee i eli tania sal Hele ec Sees 

Prom unknown-souree.._-------------=------- if MERU ater ae 100. 00 

PT ool et a eS ee eee afi) 2 4 2 66 

RAEI WORE em enn wen . 147 41 106| (27.89 

Rats act as direct transmitters of trichinosis to hogs. According to 
the above statistics, if a hog kept at a slaughterhouse eats a rat, the 

chances are fifty-five in a hundred that it will ‘become infected with 
the disease. Now, suppose that a slarghterhouse is burned or aban- 

doned, as was frequently found to be the case; the rats inhabiting the 

premises naturally wander to the neighboring farms or to the ecorncribs 
in order to obtain food, and of every hundred rats which leave the 
slaughterhouse grounds fifty-five carry with them the disease known 
as trichinosis. This disease they transmit to hogs, if eaten by them. 

It is frequently denied that hogs will eat rats, but sueh denial is 
erroneous. ‘Sometimes hogs have refused rats when offered to them; 
but that hogs do and will eat rats has been proved ‘by experiment. 

In the segregation of slaughterhouses care should be taken to 
destroy the rats in all the houses which are deserted, in order to 

prevent their wandering to neighboring farms. 
From this it will be seen that every slaughterhouse where hogs are 

killed forms a center for the spread of trichinosis to neighboring farms, 
and when the offal is fed to other hogs it can not be expected that 

the latter will escape trichinosis any more than the rats. Offal-fed 
hogs are, therefore, liable to be infected to an extent varying from 10 

to 100 per eent, and this custom of feeding hogs at country slaughter- 

houses unquestionably is mainly responsible for the spread of trichi- 

nosis among the hogs of the two States visited. When we recall that, 
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as was ascertained by inquiry, from one-fourth of 1 per cent to nearly 

4 per cent of all the hogs shipped from certain localities are offal fed, 

we need not be at all surprised to find that 1 to 2 per cent of all the 

hogs examined at the large abattoirs are trichinous. Furthermore, 

since so much offal-fed pork is placed upon the local market in eoun- 

try towns, we need not be at all surprised should we find that a quar- 

ter or a half of all the pork sold by many country butchers is infected 
with trichine. 

But trichinosis is not the only disease which the country slaughter- 
house spreads by offal feeding. It is well known that tuberculosis 

oceurs in cattle and hogs. Now, if one or two hundred of these ani- 

mals are killed at a country slaughterhouse during the year, it may 

safely be assumed that one or more of them are tuberculous. Feed- 

ing the offal of these tuberculous animals to hogs will transmit the 
disease to those hogs, and these animals when used as food may in 

turn transmit tuberculosis to human beings. 

The country slaughterhouse is also the center of infection for a 
number of animal parasites which are injurious to live stock or, in 

some cases, even to man, and which are spread by means of dogs. 

Anyone who has visited one of these places will have noticed that 
dogs soon discover the premises as a good place to obtain food. 
While eating the discarded organs, they infect themselves with sev- 
eral kinds of parasites, of which the following are the more important: 

The Echinococcus hydatid is found in the liver, lungs, and other 

organs of cattle, sheep, hogs, and certain other animals. It varies in 
size from a small object as large as a hazelnut or smaller to a bladder 

the size of a child’s head. This bladder contains numerous tape- 
worm heads, and when eaten by a dog each head produces a small 

tapeworm. The eggs of this tapeworm are in turn transmitted to the 
various domesticated animals and man, and give rise to hydatids. 

This parasite seems to be on the increase in this country. The 
disease it causes can occasionally be cured, but in man it is said 

to be fatal in five years in about 50 per cent of the cases. It can, 

however, be almost completely eradicated if slaughterhouses are 

properly cared for. 

The Thin-necked bladder worm is found in the body cavity, in the 

omentum, ete., of cattle, sheep, and hogs, and is quite common in some 

localities. It develops into the Marginate tapeworm when eaten by 

dogs. The eggs of the marginate tapeworm are then scattered by dogs 

on farms, in the road, etc., and infect cattle, sheep, and hogs with 

the bladder worm. It occasionally causes the death of young ani- 

mals, as the bladder worm can not be reached with medicines. 

The Gid bladder worm is found in the brain of sheep, and occa- 

sionally in other animals, but fortunately it is exceedingly rare, if 
present at all, in this country. When eaten by dogs, it develops into 

a tapeworm which produces numerous eggs. The dogs scatter these 

eggs on farms, sheep become infected with them, and contract the 

disease of ‘‘ gid” or ‘‘ turnsick.” 



THE SLAUGHTERHOUSE AS A FACTOR IN SPREAD OF DISEASE. 161 

The Tongue worm is found encysted in the viscera of cattle, sheep, 
and other animals. It is about a quarter of an inch long, and when 
eaten by dogs grows to be 2 to d inches long, inhabits the nasal cavi- 
ties, and produces numerous eggs, which are transmissible to man as 
well as to the domesticated animals. 

It is needless to enumerate all the diseases which might center at a 
slaughterhouse, but two more maladies, i. e., hog cholera and swine 
plague, demand attention. It has already been noticed that many 
slaughterhouses drain directly into brooks and creeks. If hogs suf- 
fering from hog cholera or swine plague are killed and the entrails 

thrown into a yard draining into a ereek, it inevitably follows that 
the creek becomes contaminated and the disease then spreads to farms 
lower down the creek, and an outbreak of the disease will follow. 

The same remarks apply to wire-worm disease in sheep. 

From the foregoing details and discussion, the writer is forced to 
adopt the view that every slaughterhouse is a center from which dis- 

ease may spread, and that the chief factors concerned in the spread of 

these diseases are (1) offal feeding, (2) drainage, (5) rats, and (4) dogs. 

PREVENTIVE METHODS. 

There are two methods of meeting and lessening the dangers with 

which slaughterhouses threaten the farmer: 
(1) Since every slaughterhouse is a separate center of disease, it 

follows that a reduction in number or a segregation of slaughterhouses 

will reduce the number of places from which disease will spread. 

(2) Since offal feeding, drainage, rats, and dogs are the important 

factors concerned in spreading the diseases, it follows that we can 

control the spread of these diseases by controlling these factors. 

THE SEGREGATION OF SLAUGHTERHOUSES. 

An exact ratio of the number of inhabitants to each slaughterhouse 

ean not be deduced, as the neighboring farmers naturally draw some 

of their supplies from the local markets. Taking, however, the 

number of inhabitants in towns and the number of slaughterhouses, 

localities can be found where the proportion varies between one 

slaughterhouse to 72 inhabitants and one slaughterhouse to 1,600 

inhabitants. In twenty-nine towns of the two States visited sixty-nine 

local slaughterhouses were found. Sixteen of the towns had two 

slaughterhouses each, eight had three each, two had four each, and 
one had five. 

From the above figures it will be seen that twenty-nine localities fur- 

nished sixty-nine disease centers for the surrounding country. It is 

also evident that if the slaughterhouses were so segregated that all the 

butchers of each town were obliged to do all their killing at a common 

slaughterhouse, we should have forty places less from which disease 
could spread to the farms surrounding these twenty-nine towns. 

12 a96 11 
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The first and most important proposition, therefore, to lessen the 

danger due to the country slaughterhouse is to reduce the number of 

places at which slaughtering is allowed, compelling all the butchers 

of a given town to slaughter at the same place. 

This suggestion will naturally not meet with the approval of all 

the butchers. The objection will be made that they have money in- 

vested in slaughterhouses and that any change will mean financial 

loss to them. To this the reply is that all or nearly all the country 

slaughterhouses are frame buildings, which are not of much value; 

they are cheaply built, poorly arranged, etc., and represent an infin- 

itely smaller investment than the money invested in stock by neigh- 

boring farmers; and the temporary loss to be sustained by the butcher 

will be infinitely less than the loss sustained in the course of time by 

the neighboring farmers and by the community. Further, these 

numerous local slaughterhouses are menaces to public health, and 

under these cireumstances a small financial loss to a few individuals 

ean not be taken into consideration. 

Another objection that will be made by the butchers is that while 

the segregation of the slaughterhouses would reduce the number of 

centers of infection, it would not reduce the amount of infection in a 

given district. To this the reply is that the objection is more appar- 

ent than real, since a given amount of infection in a restricted area is 

more easily controlled than the same amount of infection scattered 

over a larger area and in different localities. 

Objection will also be made that this segregation of the slaughter- 

houses is an innovation, an experiment, a scientific theory which is 

not practicable. The reply to this is, that while it is an innovation in 

this country, it has been tested and found satisfactory in other coun- 

tries, where practical experience has borne out scientifie theory and 

where the plan has been shown to be entirely feasible. 

Objection may be raised that one butcher does not care to be sub- 

jected to haying his business open to the gaze of other butchers. 

This objection answers itself. There undoubtedly are butchers who 

would object to having other butchers see the class of stock they kill 

or raise, and the sooner the health authorities exercise some control 

over these dealers the better. <Q 

In connection with the segregation of slaughterhouses it is suggested 

that a slaughterhouse could be built by a stock company or by the mu- 

nicipality and stalls let to the butchers, or the butchers could build a 

common house for killing, or each butcher could move or build within 

a restricted area to be given up to slaughterhouses. 

CONTROL OF THE DISEASE-SPREADING AGENCIES. 

Passing now to the most potent factors in the transmission and 

spread of disease from country slaughterhouses, i. e., offal feeding, 

drainage, rats, and dogs, let us see how these factors may best be 

controlled. 

a 



THE SLAUGHTERHOUSE AS A FACTOR IN SPREAD OF DISEASE. 163 

Disposition of offal.—The author unqualifiedly condemns the feed- 

ing of the uncooked offal of slaughtered hogs (and also of uncooked 

swill containing scraps of pork) to other hogs, on the general ground 

that this custom is a most potent factor in spreading disease, and also 

on the ground that butchers almost universally admit that offal-fed 
hogs are inferior to corn-fed hogs. It is here also specifically main- 

tained that offal feeding at the small country slaughterhouses is the 

most important factor in the spread of trichinosis among our Western 

hogs, since the conditions found are such that undoubtedly from 25 to 
100 per cent of the offal-fed hogs at these houses are infected with 
trichine. This custom unquestionably also plays an important role in 

the spread of tuberculosis among hogs. It is accordingly urged that 

the offal of hogs be disposed of in some other way. A dealer who kills 

but two or three hogs per week can not, of course, afford to render 

the offal, but if all the butchers of a given town or county, or of two 

or three neighboring towns, kill at the same place, the proportionate 

expense of rendering will be reduced. 

There is no valid sanitary objection to feeding the offal of healthy 

eattle and sheep to hogs, but there are decided objections to feeding 

this offal in case the animals are diseased. In order to be on the safe 
side, therefore, it is urged that the custom of offal feeding be entirely 
abolished. 

In large abattoirs no offal is fed, so that the claim some Europeans 
have made that offal feeding at Chicago and other large places spreads 

disease among our stock is entirely groundless. 

Drainage.—lIf the offal is rendered, the problem of the drainage of 
slaughterhouses will be greatly simplified, since the greatest danger 

in the drainage is from the decaying offal. The latter being disposed 

of, the drainage system will simply have to take care of the unused 
blood, the water used for washing, and the rain. 

Regarding the water supply, it may be stated that this is very 
poor in the average country slaughterhouse, but a segregation of the 
houses would enable the expense of a windmill or other supply power 
to be divided among several parties, and thus reduced, while the 
water supply will be increased. The drainage of the killing floors 
and yards is naturally quite rich, containing considerable manure, 
blood, ete. To drain this material directly into small ereeks and 
rivers is somewhat dangerous forneighboring farms. Asa safe method 

of disposal, the use of large covered cesspools situated some dis- 
tance from the water supply is suggested. The cleanings from these 
cesspools would form excellent fertilizer, but should not be used fresh 
on any ground to which cattle, sheep, or hogs have access, or upon 

grounds planted with vegetables which are eaten uncooked. With 

comparatively little expense the blood could be immediately prepared 
as fertilizer. 

The destruction of rats.—How to destroy the rats around a slaugh- 
terhouse is a serious problem. The use of ‘‘ Rough on Rats” in these 
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places is to be condemned, as it causes the rats to wander, thus spread- 
ing disease. It is far better that diseased rats should remain on the 
premises than that they should wander to farms. ‘‘ Rat runs” by 
use of ferrets or by pouring hot water into the rat holes, the presence 
of ‘‘ratters,” and the systematic use of rat traps and rat falls will do 
much toward destroying these pests. Although there are slaughter- 
houses in the two States visited that are literally honeycombed by 

rats, there are others where rats are very scarce. 

A most excellent ‘‘ rat fall” may be made of a strong barrel, about 
half full of water. “The cover should be placed on a pivot and well 
baited. Hundreds of rats may be caught with this device. It is 
important to dispose of the bodies of these rats so that they can not 

be devoured by other rats or by hogs. 
Dogs.—The butcher who allows dogs access to the slaughterhouse 

or its grounds is directly responsible for the spread of certain animal 

parasites. Dogs should be absolutely excluded. The presence of 

cats is not attended with the same danger as that of dogs, but it is 
difficult to maintain cats at slaughterhouses for any length of time 

without feeding them on milk or other food besides meat. 

GENERAL SUGGESTIONS. 

The question of raising live stock on slaughterhouse premises nat- 

urally arises in connection with the question of offal feeding. The 

opinion upon this question needs no defense to anyone who will con- 

sider all the conditions involved. The writer is unqualifiedly opposed 

to the raising of any kind of stock upon premises occupied by slaugh- 

terhouses, and condemns this custom, so prevalent in some districts, 

as dangerous to the public health, in that it inevitably results in 

breeding disease in animals used for food. It is accordingly recom- 

mended that local or State regulations be made to the effect that when 

any stock animal, more particularly the hog, has once entered the 

premises of a slaughterhouse, it should not be allowed to leave those 

premises alive, and that it must be slaughtered within a period not 

exceeding two weeks. 

Such a regulation would have the twofold effect of preventing the 

shipment of slaughterhouse hogs to abattoirs, and the limit of two 
weeks would prevent these animals from reaching a stage in the disease 
known as trichinosis where the malady is transmissible to man, in 

case healthy hogs became infected after entering the premises. 

BUILDING MATERIAL. 

Country slaughterhouses are almost invariably built of wood. The 
use of some other building material, such as brick or stone, is advised, 

as stone is more easily cleaned and holds odors less tenaciously than 

wood. The flooring and the pavement of the entire yard should, if 

possible, be of asphalt. 
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SANITARY POLICE. 

The judging of meats involves a knowledge of disease which can 

not be assumed or expected to be possessed by butchers. Placing 

diseased meat on the block, unintentionally no less than intention- 

ally, is dangerous to the health of the consumers. For the protection 

of both the butcher and his patrons, therefore, all meat should be 

inspected at the slaughterhouse by someone who is trained in meat 

inspection. As a rule, a veterinarian is best fitted for this work. 

Every local board of health should have a competent veterinarian 

among its members, and the local meat inspection would very natu- 

rally be one of his duties. It seems best, however, that the State 

veterinarian should have control over the slaughterhouses, and the 

writer would even go so far as to advise the appointment of an assist- 

ant State veterinarian whose sole or, at least, most important duty 

should be a sanitary supervision of slaughterhouses. 

There are several reasons for suggesting that the slaughterhouses 

be placed under the State board rather than under the local boards. 

In the first place, the majority of slaughterhouses are located a short 

distance beyond corporation limits, and hence beyond the control of 

the local boards. If, however, these slaughterhouses are licensed by 
the State boards, satisfactory regulations can be imposed. Further- 

more, the sanitary supervision of the grounds can best be performed 

by someone who is entirely independent of local practice, and the 

veterinarian who has this matter in charge should give up his entire 

time to it. A small country town can not, of course, keep a man for 

such duty, but a competent State official could be kept busy. 

THE RIGHTS AND DUTY OF THE FARMER. 

As a rule, there is little complaint against slaughterhouses in case 

the odor arising from them is not especially offensive. When com- 

plaint is made, the butcher sometimes cleans up the premises a little 

and the matter is dropped. From the above discussion, however, it 

must be evident that the odor arising from a slaughterhouse is insig- 

nificant when compared with the sanitary side of the question. It 
must also be evident that little will be done to better the existing con- 

ditions unless those directly affected take some decided action in the 

matter. The classes most affected are the farmer and the townspeo- 

ple. The farmer suffers loss in his stock; the townspeople suffer loss 
in health. The townspeople ean protect themselves against the dis- 

eases by thoroughly cooking their meats, and their interest in the 

matter then ends. The farmers must protect themselves in some 

other way, and the most natural way is to demand a better regulation 

of the country slaughterhouses. Let the farmer, therefore, take the 

initiative, and for his own protection let him demand a State control 
of these premises. 
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SUMMARY. 

To summarize this subject in a few words— 

i. A well-regulated system of slaughterhouses is as necessary to 

the public health as is a well-regulated system of schools to the 

public education. 

2. Every slaughterhouse is a center of disease for the surrounding 

eountry, spreading trichinosis, echinococcus disease, gid, wireworm, 

and other troubles caused by animal parasites, and tuberculosis, hog 

cholera, swine plague, and other bacterial diseases. 

3. The important factors concerned in spreading these diseases are 

offal feeding, drainage, rats, and dogs. 

4. These diseases may be greatly held in check and in some eases 

entirely eradicated in two ways: First, by a reduction in the number 

of premises on which slaughtering is allowed, on which account it is 

urged as all important that there be a segregation of the slaughter- 

houses, so that all the butchers of any given town will be compelled to 

do all their killing in a common inclosed and restricted area. In 

abandoning slaughterhouses, care should be taken to destroy the rats, 

in order to prevent the spread of infection. Second, by regulating the 

factors concerned in spreading the diseases: (a) Offal feeding should 

be abolished; (b) drainage should be improved; (c) rats should be 

destroyed; and, (d) dogs should be excluded from slaughterhouses. 

5. A licensing of slaughterhouses by the State boards of health 

and the employment of an assistant State veterinarian, whose sole or 

most important duty shall be a sanitary supervision of all places where 

animals are slaughtered for food, are necessary. 

6. The appointment on every local board of health of a competent 

veterinarian, whose duty it shall be to control the class of meat placed 

upon the block, is urged. All meats should be inspected at the time 

of slaughter, thus securing for the local consumer the same guaranty 
that the National Government provides for the foreign consumer and 

for interstate trade. 

7. The prohibiting of the raising of any kind of stock within the 

premises of slaughterhouses is advised, as are also State regulations 

to the effect that when a stock animal (horse, of course, excepted) 

once enters the premises of a slaughterhouse it must never be allowed 

to leave those grounds alive, but must be slaughtered within two 

weeks’ time. 

8. It is advisable to use more substantial building material in the 

construction of slaughterhouses. 

9. The country slaughterhouse is more injurious to the farmer than 

to other classes, as he is less able to meet the dangers involved, and 

on this account he is urged to take the initiative in calling for a better 

regulation of places of slaughter. 
10. When a farmer kills stock for his own use, he should burn or 

bury the offal, or cook it in case he feeds it to hogs. 



IRRIGATION ON THE GREAT PLAINS. 

By FREDERICK H. NEWELL, 

Chief Hydrographer, United States Geological Survey. 

INTRODUCTION. 

The success of agriculture in a distinetly arid region, like the val- 

leys of Utah, where perennial streams flow from snow-capped peaks, 

is a self-evident proposition. There the climate renders irrigation 

absolutely essential, and widely distributed, even though small, water 

supplies make it practicable. No settler thinks for a moment of try- 

ing to cultivate the soil until he has provided a means of applying 

water. 

In contrast to these conditions are those surrounding the farmer on 

the Great Plains, especially upon the western half. Here the climate 

is far from arid. In certain seasons it may be called humid. The 

settlers coming from the Mississippi Valley have brought with them 

the methods of agriculture adapted to a wet country. In some years 

success is attained by these methods, and wonderful crops encourage 

the breaking up of increased areas next year. ‘Total loss of crops and 

bitter disappointment inevitably follow, however, and the unfortunate 

settlers, if not driven from the country, alternate between short periods 

of prosperity and long intervals of depression. 

The soil of the Great Plains region as a whole is wonderfully rich. 

The irregular and scanty rainfall has not leached out the natural salts, 
so valuable to plant life, and yet has been sufficient to bring about a 

disintegration of the soils to great depths. The sparse herbage, luxu- 

riant at times, is not sufficiently rank to make perceptible drafts 

upon this supply of plant food, and when ai long intervals the rainfall 

occurs in proper seasons and quantities the yield from the cultivated 

fields is surprisingly large. 

The area of this fertile land is far greater than that of any one of 

the States of the Union, and while the outlines can not be drawn with 

exactness, yet, in a general way, it may be said that the extent is 

from one-eighth to one-sixth of that of the whole United States. 

Within this vast tract, which embraces portions of Montana, North 

Dakota, South Dakota, Nebraska, Kansas, Colorado, New Mexico, 

Oklahoma, and Texas, thousands of families are resident, and there is 
167 
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‘‘room for millions more.” (Fig. 31.) Theone condition requisite for 

success is that of obtaining and utilizing a sufficient amount of water 

to supplement the deficient rainfall. 

The Great Plains can be characterized as a region of periodical 

famine. Paradoxical as it may be, the countries where great fam- 

ines oceur are not those of sterility, but rather those of excessive 

fertility and of salubrious climate, inviting adense population. Like 

other parts of the globe where dearth is apt to occur, the soil of the 

piains is extremely rich, the climate agreeable, everything physical 

invites a large population and an increase of animal and vegetable 

life, save in one essential, and that water. Year after year the water 

supply may be ample, the forage plants cover the ground with a rank 

growth, the herds multiply, the settlers extend their fields, when, 

almost imperceptibly, the climate becomes less humid, the rain clouds 

Fic. 31.—Diagram illustrating the relative location and extent of the Great Plains. 

forming day after day disappear upon the horizon, and weeks lengthen 

into months without a drop of moisture. The grasses wither, the herds 

wander wearily over the plains in search of water holes, the crops 

wilt and languish, yielding not even the seed for another year. Fall 

and winter come and go with occasional showers which scarcely seem 

to wet the earth, and the following spring opens with the soil so dry 

that it is blown about over the windy plains. Another and perhaps 

another season of drought occurs, the settlers depart with such of 

their household furniture as can be drawn away by the enfeebled 

draft animals, the herds disappear, and this beautiful land, once so 
fruitful, is now dry and brown, given over to the prairie wolf. Then 

comes aseason of amplerains. The prairie grasses, dormant through 

several seasons, spring into life, and with these the hopes of new 
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pioneers. Then recurs the flood of immigration, to be continued until 
the next long drought. This alternation of feast and famine is in 

Europe and the East as old as history and bids fair to be repeated 

upon our Great Plains unless American ingenuity, patience, and skill 

shall devise means of successful irrigation. 

The first question that the farmer on the Great Plains asks when 

confronted with the problem of irrigation is, ‘‘ Where can I get the 

water?” Sometimes the reply is obvious. There is a perennial 

stream which can be reached. But in a great majority of cases this 

is the first and greatest difficulty to be overcome. For each locality 

there are various solutions to the problem. In some cases water can 

be found underground at moderate depths. For example, in many of 

the valleys, especially in those of the larger streams, wells reach an 

abundant supply at depths of from 10 to 20 feet. But the area of 

the valleys is relatively small as compared to the whole extent of the 

Great Plains, and on the ‘‘uplands,” as the broad divides between 

the rivers are commonly known, water can be had, if at all, only at 

depths of from 100 to 300 feet, or even more. Here, where the sup- 

ply is small and must be lifted through considerable heights, the 

storage of storm waters must be considered. In rare instances it is 

possible to obtain a supply from deep artesian wells, which flow con- 

tinuously a stream of fresh water. Unfortunately, the conditions 

governing the distribution of artesian wells are comparatively re- 

stricted, and these can be had only here and there throughout this 

region. The methods of water supply may, as far as the Great Plains 

region is concerned, be classified as those by gravity from perennial 

springs and streams, by pumping from rivers or underground sources, 

by storage of storm waters, or from artesian wells. Sometimes it is 

possible for the farmer to choose between two or even more of these 

ways of obtaining water, but as a rule he is limited to one. 

Comparing the Great Plains and the arid region, there are to be 

noted many contrasted points which modify the practice of irrigation. 

These arise from the strikingly different forms of each country, its 

physical character or topography. In the arid regions the arable 

lands are mainly in the valleys or partly surrounded by mountains 

from which perennial streams issue with rapid fall. This facilitates 

the construction of canals built above the level of the fields, furnish- 

ing by gravity a relatively large amount of water. On the other hand, 

on the Great Plains are boundless tracts of fertile soil with no water 

within sight except at rare intervals after heavy storms. The under- 
ground supplies, usually small in amount, are widely distributed and 

can not be concentrated at any one spot. 

The temptation to the settler is to make his farm as wide reaching 

as the horizon, and to spread his efforts over hundreds of acres. The 

ever-recurring droughts stimulate him to try and till more land, in 

the hopes that he may recoup his losses in a fortunate year. He is in 
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a certain sense a gambler, staking everything upon luck, and with the 

chances against him. With his desperate eagerness to regain in one 

season what he has lost through many years, it is almost impossible 
for him to see that his only hope of permanent success lies in limiting 

his operations to a comparatively few acres, and in cultivating these 

earefully and safely by using the small amount of water which, with 

great care and some expense, he may be able to secure. With his 

large conception he can not content himself with petty details. The 

stern logic of facts, however, is slowly convincing him that, in spite of 

the wealth of land, success lies only in attention to little matters. He 

must go back to the trivial economies of older lands, saving and using 

with judgment every drop of water which falls upon his field, or which 

can be brought to the surface from underground. This is the hardest 

lesson, and one which many men can not learn, preferring to emigrate 

rather than adopt what seems to them an un-American intensive 

farming. 

WESTERN KANSAS. 

The conditions upon the Great Plains are epitomized in western 

Kansas, and therefore a brief discussion of this area may not be out 

of place. It may be asked, why should further efforts and encour- 

agements be given toward the development of agriculture in such 

regions? Has the world not heard enough of droughts and crop 

losses, of famines and suffering, of abandoned farms and worthless 

Kansas mortgages? Why interpose to prevent the country from going 

back to its former conditions? It was, and can be, a magnificent 

grazing land. As a stock range it will contribute to individual and 

general wealth without great risk of hardships and losses. 

In answer to such questions and assertions, it isnot enough to point 

to the hopes of persons desirous of selling out or to the too sanguine 

expectations of those who, encouraged by occasional success, have per- 

sisted in their efforts tomake homes. It must be shown that there are 

substantial foundations for such hopes and expectations; that there 

actually exist resources worthy of better directed and more prolonged 

endeavors. 

The conditions prevailing in western Kansas are not unique. The 

rich soil and capricious rains are found over vast areas, embracing, 

as before stated, portions of at least ten States. Ultimate success or 

failure in this locality encourages or retards home making in others. 

The struggles in western Kansas are, therefore, not without interest 

to the nation as a whole, for if once victory is assured, hundreds of 

communities will be benefited. Public interest is drawn here because 

attempts at settlement have been made in greater numbers than else- 

where, experiments have been conducted on a larger scale and in a 

character more varied, and the difficulties now appear to be more 

nearly overcome. Thus, it seems proper, as an introduction to general 
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investigations in the subhumid Great Plains region, to give first atten- 

tion to western Kansas, to mention the results of trials and failures, 
and to outline what seems to be the road to success. 

At least two things have been clearly proved. One of these is that 

the soil is very rich; the other is that the ordinary methods of farm- 

ing are not adapted to the climatic conditions, and the farmer must 

laboriously unlearn much that he has acquired elsewhere. By re- 

peated failures it has been shown that he must adjust his methods to 

fii more nearly the requirements of nature. 

Hilgard has emphasized the fact that the soils of the arid and sub- 

humid regions are, as a rule, as good as, if not better than, the best 

of those of humid lands. It is incredible that, with these great nat- 

ural advantages of soil and sunshine, American ingenuity and persist- 

ence can not find a way to overcome in some degree the evil results 

of deficient or capricious rainfall. This is the great problem which 

the inhabitants of the subhumid plains have before them, and one to 

which the General Government can properly give attention. Not 

only is the prosperity of several States concerned, but, even more than 

this, the United States is the great land owner, still possessing many 

millions of acres of rich soil which should be put to better use than 

that of furnishing scanty forage. Such lands ‘‘ deserve the most earn- 

est attention both of agriculturists and of students of natural economy, 
for in them lie possibilities for the abundant sustenance and prosper- 

ity of the human race that have thus far been almost left out of ac- 

eount. While it is true that irrigation water may not be practically 

available for the whole of the arid (and subhumid) regions of the 
globe, so much remains to be done in the study of the most econom- 
ical use of the water, of appropriate crops, and of methods of culture 

that even an approximate estimate of actual possibilities in this direc- 

tion can not yet be made. At all events it is of the highest interest 

to study the problem of the reclamation of this intrinsically rich land 
in all its phases.” 

IRRIGATION ESSENTIAL. 

The settlements upon the Great Plains have proceeded gradually 

westward from the well-watered Mississippi and lower Missouri, 

advancing step by step up the gradual slope which extends toward 

the base of the Rocky Mountains, and pushing by slow degrees into 

the well-defined subhumid regions. The farmers have been tempted 

on and on by the fertility of the soil, which, instead of decreasing in 
richness, has been found to be equal, if not superior, to the lands 
washed by frequent rains. During the years or series of years in 
which the rainfall was more abundant or better distributed through 
the growing season the agricultural areas have leaped forward from 

‘Prof. E. W. Hilgard, Steppes, Deserts, and Alkali Servis. Bépulsts Science 
Monthly, p. 609, March, 1896. 
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county to county toward the west, and the farmers have deluded 

themselves with the belief that with the breaking of the prairie sod, 
the building of railroads, and the advent of civilization the climate 
was becoming more favorable to their operations. 

Succeeding years, with a rainfall at or below the average, have 

beaten back or driven out many of the financially weaker or more 

easily discouraged of the settlers, and thus the tide of emigration has 

ebbed and flowed, each succeeding wave in general less vigorous than 

the first. Such vicissitudes, however, can not lead to prosperity and 

contentment. It is evident that they can not continue indefinitely, 
and that there must be a better adjustment of man to his environ- 

ment, or he will be the loser inthe end. Temporary or trivial expedi- 

ents will not suffice. The heavens have been bombarded in vain, 

both with supplication and with dynamite. Somewhat slowly and 

unwillingly public attention has at last settled itself upon irrigation, 

and in this seems to be the salvation of the country. The water sup- 

ply at best is small and its source and availability have by no means 

been self-evident. There are a few perennial streams within this vast 

area, but these attain notable size mainly at points where the condi- 

tions are such that the water can not be diverted and used econom- 

ically or efficiently. 

The widely distributed and yet relatively small supplies of water 

to which reference has been made are in the pervious, unconsolidated 
rocks or sands underlying portions of the Great Plains, especially 

along and in the vicinity of the broader river valleys. The problem 

of how best to bring these waters to the surface and utilize them is 

that which peculiarly distinguishes the Great Plains. The solution 

is best seen in western Kansas, for here hundreds of individual efforts 

have been made and success has been attained to a larger degree 

than elsewhere. / 

Almost anyone can irrigate with plenty of water. In other words, 

where a considerable volume is to be had at any one point within the 

arid or sibhumid region a very moderate exercise of skill and judg- 

ment will enable the farmer to produce a crop of some kind. He can 

hardly fail to raise something, even though he drowns out a part of 

his field and leaves another part too dry. There must generally be 

some portion upon which the crops are remunerative. On the other 

hand, where, as in western Kansas, the water must be pumped from 

underground or stored in reservoirs, every gallon means a certain out- 

lay. The quantity is usually limited, and a high degree of skill and 

judgment is required in order to utilize this water to the largest pos- 

sible degree and produce a crop whose value shall repay not only the 

labor of cultivating, but also the cost of the water applied. In the 

ease of the little ditches constructed from the mountain torrents in 

the arid region, a comparatively small outlay of labor was required 

in order to bring a considerable stream to the agricultural land. 
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Where the water is to be pumped, however, not only labor, but some 

capital, must be invested and continued to be employed until the crop 

is ready for the harvest. Since this first investment is usually large, 

and severely taxes the ability of the individual farmer, it is of vast 

importance to him that every step be taken in the right direction and 

that he make no mistakes. 

In the subhumid region, especially where crop failures year after 

year have discouraged the farmers and have brought them almost to 

penury, the few hundred dollars required to start a small irrigating 

plant is a very great sum, and if not rightly expended may mean 

absolute ruin and loss of homestead. It is therefore especially impor- 

tant that in such undertakings no mistake be made. In the valleys 
of the arid region, if a farmer has not properly located his ditch, it 

may be possible for him to alter and improve it by his own labor or 

by assistance from his neighbors, but in the case of machinery or ap- 

pliances used for raising water changes or alterations are far more 

difficult, if not impossible. 

The attitude of the people of the subhumid region toward irriga- 

tion has been peculiar. They at first deemed it absurd, injurious, 

or impossible, and the man who held that irrigation was the proper 

and best thing was denounced as a public enemy and as casting dis- 

eredit upon the region by advertising its disadvantages to the world. 

If he persisted in his unpatriotic course, it was considered enough to 

ask the question, ‘‘ Where is the water to be had; even if irrigation is 

of value, where are the rivers from which to derive the supply?” If 

for answer attention was drawn to the ground waters and to the pos- 

sible storage, the idea was regarded as laughable, and the advocate of 

irrigation was again asked, ‘‘ How can you irrigate a section or even a 

quarter section by such trivial means?” If in reply the scoffers were 

told that it was not proposed to irrigate large areas, but to confine 

the attention of the farmer to 40 acres or even to 10 acres, contempt 

for such methods could scarcely find expression in words. 

The idea that any man on the boundless plains would concentrate 
his energies on 10 acres has seemed ridiculous. Yet this is what stern 

necessity is compelling the farmer to do, and is making him unlearn 

his old habits and methods, relentlessly forcing him to abandon the 

cultivation of great areas, turning them over perhaps to grazing, and 

giving his main attention to the few acres almost within a stone’s throw 

of his door. As a rule, the most successful men are those who have 

learned this lesson well, who have tried to do a littie less than they 

considered could be done well, and who have practiced an untiring 

perseverance in adopting better methods in applying water and in 

cultivating the soil. 

Within the past few years, or even months, public sentiment has 

undergone so great a change, from ridicule and skepticism to con- 

fidence in irrigation, that there is danger of rushing to the other 
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extreme. It is now generally recognized that irrigation is practicable 

at many localities, and with the enthusiasm that characterizes new 

movements, its sanguine advocates make excessive claims. They 

attempt to show that a great part, if not all, of the country can be 
irrigated, that water can be had almost anywhere, and that with a 

suitable irrigation plant the farmer is insured against all future loss 

and discouragement. The actual conditions are far otherwise. It is 

hardly probable that more than a small percentage of all the fertile 

land ean be profitably irrigated, and experience has shown that, while 

irrigation is feasible and profitable, it is so only when something 

besides a supply of water is obtained. Suecessful irrigation means 

high-grade farming. It means the employment of intelligence and 

persistent labor. Unlike wheat farming, for instance, the work of the 

year is not concentrated into a few weeks or months, but for good 

results must be continued in one form or another almost every day. 

It is not sufficient to raise a single crop or a single kind, but if practi- 

cable two crops at least every year should be raised, one immediately 

following the other, and the diversity should be such that the water 

can be used to good advantage at short intervals. In other words, 

successful irrigation means diversified farming and the highest type 

of agriculture. 

In order to start right, to employ the best device for getting the 

water, to use the water most efficiently and economically, to cover the 

largest area of ground thoroughly, to raise the best crops of fruits, and 

to carry on all the higher specialized methods which make irrigation 

farming profitable, it is necessary to have a larger knowledge than is 

possessed by the ordinary farmer and to keep abreast of the changes 

or improvements constantly being made. For this reason there is a 

wider field of study required and more opportunity for investigation 

both by the individual, the agricultural experiment station, and the 

experts of the General Government. In many respects our Enowl- 

edge of irrigation has as yet advanced little beyond that of the early 

Egyptians. The process has been one of imitation or of individual 

tests through repeated failures. 

SOURCES OF WATER. 

The first and greatest problem is where and how to obtain sufficient 
water. Considering irrigated regions as a whole, the source of water, 

outweighing in importance all the rest, is that of the surface streams— 

the ereeks and rivers. Secondary to this are the waters of intermit- 
tent streams or of occasional storms held by systems of reservoirs or 

huge tanks; and, third, the waters pumped or lifted from beneath the 

surface. A fourth class might be added, that of flowing wells, but 

these are so unusual in character and occurrence that they can hardly 

be considered as important factors in this method of agriculture. In 

western Kansas, and in the Great Plains region in general, stream 
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waters, as has been pointed out, are exceptional in occurrence, and 

ean play but a relatively small part, while on the other hand the 

widespread distribution of water-bearing rocks renders wells of 

importance. 
STREAMS. 

The typical river of the Great Plains, and one of the first as regards 
the quantity of flood waters, isthe Arkansas. This rises in the moun- 

tains of Colorado, fiows in a course a little south of east into Kansas, 

continuing this direction for about 140 miles, then turns toward the 

northeast, and, describing a huge loop or bend, finally passes out of 

Kansas toward the south into Indian Territory. It drains, in round 

numbers, 24,600 square miles of Colorado before reaching Kansas. Of 

this area, that above Pueblo, 4,600 square miles, may be considered 

as mountainous, yielding a large perennial supply of water. The 

remaining 20,000 square miles are mainly plateaus and undulating 

plains from which an insignificant amount of water flows, except in 
time of flood, when vast volumes are poured into the stream, swell- 

ing it in a few hours to a raging torrent. The average discharge of 

the river at Canyon City, 70 miles above Pueblo, is a little over 800 

second-feet, and at Pueblo 1,200 second-feet. The greater part of 

this water is used for irrigation, and during the spring and summer 

little, if any, passes into Kansas except that from a local storm or a 

cloud-burst. At one such time a quantity of water amounting to 

30,000 second-feet or more was discharged for several hours, washing 

out bridges and causing general destruction. This amount was doubt- 

less increased to 40,000 or 50,000 second-feet by the time it reached the 

Kansas line. 

Along the Arkansas River in Colorado almost innumerable ditches 

and canals are taking out water, and in particular below Pueblo are 

the large irrigating systems under which is a considerable part of the 

agricultural population of the State. Many of the larger canal com- 

panies have constructed tight dams across the river capable of divert- 

ing the entire low-water flow of the stream. These are placed at 

intervals of from 10 to 20 miles or more. In the case of those pos- 

sessing priority of rights, the entire discharge of the stream is taken 

and the bed of the river is left dry below the dam. In the case of 
others a certain portion of the water is allowed to pass by the dam 

under the direction of the water commissioners.’ Even though ail the 

water is taken at one point, there is usually a sufficient amount of 

seepage to supply a small stream in the river bed, and this, increas- 

ing in the course of a few miles, furnishes, even in times of extreme 

drought, a small amount to the canal heading next below. 

The aggregate capacity of the canals constructed or partially com- 

plete is far in excess of the ordinary flow of the river, and even by the 

employment of all the seepage water there must apparently be less 

than the amount needed for the cultivation of all the arable lands 
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under the extensive systems. Reservoirs are already being built to 
hold a part of the flood waters of the river, and it is highly probable 

that larger undertakings must be shortly inaugurated if a permanent 

supply is to be assured for canals now under construction. 

Owing to the large and increasing utilization of the water of the 

Arkansas River in Colorado, the bed of the river is dry, through the 
greater part of the year, at points above the Kansas line, and there 

are comparatively few weeks during which a notable stream is flowing. 
As a whole, the time during which water is flowing in the river must 

decrease as irrigation above increases, and there will ultimately be a 

condition of things in which only the excess water of floods will pass 

down. Thus little dependence can be placed on the surface waters 

of the Arkansas River, and if irrigation in Kansas were dependent 

upon these it would be doomed. 

The same general statement applies to the Platte River and to other 

lesser streams coming from high mountains and crossing the plains. 

The head waters of the Platte interlace with those of the Arkansas, and 

the minor tributaries flowing eastward and northward are to a large 

extent diverted into canals within the foothill region. The South 

Platte is thus deprived, for the greater part of the year, of all water 

long before reaching the Nebraska line. The North Platte, on the 

other hand, flows through a less populous region, and its waters have 

not been taken out in Wyoming to an extent to appreciably affect the 

annual flow. With the completion of many projects now on foot it 

appears probable that the large irrigation canals in the lower part of 

the river may at times be deprived of the full flow of the stream. 

Besides the mountain rivers there are a considerable number of 

streams whose sources are well within the Great Plains. These derive 

their supply from springs fed by the rain water caught in thick depos- 

its of sands and gravels. The waters thus obtained percolate slowly 

toward the lowest points, and are discharged in springs often perennial 
in character. These streams, however, have usually a gentle grade 

and can not readily be diverted into canals. Their waters, as a rule, 
are available only through some method of pumping. 

STORM WATERS. 

The localities which can be supplied by ditches from perennial 
streams are, as may be inferred from what has been said, relatively 
small when compared with the total extent of fertileland. Even along 
water courses which on a map appear to be of considerable size a care- 
ful survey shows that there are not many points where a reliable sup- 
ply can be had. On the other hand, it is evident that from the size of 
the catchment basin and the known rainfall there must be a consid- 
erable volume of flood waters. The question at once arises whether 

a portion at least of this excess can be held for a few weeks or months 
until the time of need. It is well known that in other countries 
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irrigation is successfully practiced by means of water storage, and a 

large agricultural population prospers in a dry country where no living 

streams are to be found. Fortunately there are a number of examples 

of the utilization of this source of supply. Instances can be cited 

showing its feasibility and also indicating the disadvantages attending 

it and the obstacles to be overcome. 

The reports showing the quantity of water flowing in the streams 

from time to time give the gross amount, both in flood and in time of 

drought. These figures, however, may be somewhat deceptive, espe- 

cially those which give the maxmium discharge of the stream; and 

estimates of reclamation of arid lands should not be based wholly upon 

the maximum quantities, for the reason that it is obviously impracti- 

eable in many instances to store this great quantity of water. Stor- 

age projects at best are expensive, and to repay their cost and be of 

benefit to the farmers each reservoir should receive yearly a sufficient 

quantity of water to nearly fill it. 

There are few localities where it will be possible to hold water from 

one year to another on account of the expense involved, and by far 
the greater number of projects must depend upon a constant supply 

of water. To do this it will be impracticable to construct reservoirs of 

such size as to hold the greatest flood, and as a general rule it may 

be said that engineers will favor a reservoir whose content is some- 

what less than the average storm discharge of the stream. To illus- 

trate: If the stream from which the water is to be taken discharges in 

one year three times as much as in the year preceding or the year 

succeeding, it will rarely be profitable to construct a reservoir of size 

sufficient to hold more than the smaller fiood mentioned; for if built 

to hold the highest flood it may be only partially filled for several 

years in succession. Theoretically, it would be better to hold the 

highest flood and keep the water over from year to year; but practi- 

cally there are so few localities where this can be done that these 

places may be regarded as exceptional. 

The construction of reservoir dams of any considerable size should 

not be undertaken without consulting an experienced engineer. In 

fact, there should be a provision in the law of every State requiring 

supervision of such construction by competent State engineers. <A 

dam is in one respect a defiance of nature, and all its forces “con- 

spire to pull the structure away sooner or later. It must therefore be 

carefully watched and afforded every protection, for a slight leak or 

the overtopping of the dam by an excessive flood may mean destruc- 

tion of property, and even of human life. 

The possible dangers from dams should not, however, act as a 

deterrent, any more than the occasional accidents upon railroads 

should be considered as sufficient argument for their restriction. 

With proper care storage reservoirs can be made, as shown by 

12 A96——12 
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the history of India, to last for many centuries, benefiting great 

communities. By using proper precautions a farmer may build upon 

his own land earth, rock, or timber dams which, if properly kept in 

repair, will be of incaleulable benefit. (Pl. III.) 

WELLS. 

The most important source of supply for the Great Plains region 

is, and probably always will be, wells. There is reason to believe 

that considerable areas will be irrigated by gravity systems from the 

rivers and from storage reservoirs, large and small, built to catch 

the intermittent streams and flood waters; but taking all things into 

consideration, it will be conceded that ordinarily wells can be had 

over a larger area and possess such advantages that they must come 

first in the development of agriculture by irrigation on the plains. 

Irrigation by water from a well, if the latter yields a good supply at 

moderate depth from the surface, possesses certain advantages over 

that from a gravity supply, in spite of the usually greater annual cost 

of procuring the water. The wells and the source of water are, as a 

rule, under the individual control of the irrigator. It is not neeessary 

for him to combine with other men and to invest large capital in a com- 

plicated undertaking before he can receive any benefit. It is often 

possible for the farmer to dig or drill the well himself, and he can pur- 

chase, sometimes on credit if necessary, the machinery, windmill, or 

pump for bringing the water to the surface. Being under his own 

supervision, he can apply the water whenever in his judgment the 

plants need it, not being compelled to wait his turn or to take water 

at inconvenient times, whether day or night, according as it may be 

allotted under a large irrigating system. 

Considering any one locality or farm, the question whether the water 

supply can be obtained is one for determination on the spot. It is 

often possible for the farmer to judge from the experience of his neigh- 

bers whether he can sink a well successfully at one point or another. 

If, however, his place differs widely in general location or in other con- 

ditions, so that he can not safely use the experience of others, then he 

must either trust to chance and dig his well at a point where it will be 

most convenient or, if practicable, consult some geologist or other 

person who has made a careful scientific study of such matters. In 

determining upon the location for a well it is generally useless to 

consult the professional well driller, unless he has put down other 

wells within a few miles and has considerable local knowledge. It 

seems hardly worth stating in this connection that money expended 

in the employment of the so-called ‘‘ water witches,” or men who use 

the divining rod, is worse than futile, as it merely encourages fraud. 
It is often assumed that because the plains have such a uniform 

outward appearance their underground structure must necessarily be 

as featureless. But, on the contrary, there is a considerable diversity 
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in the order of arrangement beneath the surface. In some place 

there are thick beds of sand and gravel filled with water, from which 

such quantities can be obtained as to lead to the popular statement 

that the wells are inexhaustible. On the other hand, large tracts 

have, at a short distance beneath the surface, impervious beds of 

shale of a thickness of a thousand feet or more, containing little water, 

and this usually brackish or strongly saline, so that wells sunk into 

it are valueless. All these conditions of underground structure are 

the results of different conditions prevailing in past geologic ages and 

are capable of exact definition and mapping by the skilled geologist, 

so that when once the area has been thoroughly studied there should 

be no uncertainty to perplex the individual farmer as to whether it 

will pay him to invest money in wells, or whether by going deeper he 

eould improve his supply. 

It has sometimes been asserted that water from wells is not as val- 

uable for purposes of irrigation as that from rivers, because the lat- 

ter, especially during spring floods, bring a considerable amount of 

silt, which, during irrigation, is earried out on the land and being de- 

posited serves as a fertilizer. The importance of this effect is in the 
popular mind often greatly exaggerated. The greater part of the silt 

brought into a canal is deposited in the main ditches and laterals, fill- 

ing these, and necessitating a considerable annual outlay to keep them 

elean. Theamount of material which actually is deposited upon the 

cultivated land is in general insignificant, not being equal to a few 

loads of ordinary fertilizer. This has been pointed out by Prof. E. 

W. Hilgard.t He shows that even in the case of the Nile the mud 
deposited amounts to only about 5 tons per acre, and that similar 

lands irrigated by clear water are just as productive. It is not so 
much the fertilizing character of the sediment as it is the scarcity of 

rainfall and the consequent freedom of the soil from leaching, as well 

as the beneficial effects of the warm, dry climate, which produce the 

great crops. 

Well waters possess a more decided advantage in their freedom from 

noxious seeds. In the waters of the ordinary ditches, deriving their 

supply from a stream flowing through several valleys, there is usually 

to be found a great variety of seeds blown in by the wind or picked 

up during floods. These are carried along into the laterals and out 

over the fields, causing plants to start, some of which are exceedingly 

difficult to eradicate. This is especially true if a new crop of weeds 

is allowed to gain headway after each irrigation. 

METHODS OF OBTAINING WATER. 

After the farmer has settled upon the source from which water for 

irrigation can be obtained, the next problem which he encounters is 

that of bringing the water to the point where it is to be used. If the 

‘ Popular Science Monthly, March, 1896, p. 605. 
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source of supply is at a higher level than the land to be irrigated, this 

is usually asimple matter. This may be considered the rule through- 

out the greater part of the irrigated area of the arid region, as the 

water is brought by gravity through canals and ditches from streams 

diverted at some point higher than the lands to be irrigated and car- 

ried often by circuitous routes to secure a gentle grade. If water is 

stored in a small reservoir or tank on the farm, it can of course be 

conducted either through earthen ditches or by pipes or flumes, accord- 

ing to the undulations of the ground. In the Great Plains region, 

however, the greater part of the water for irrigation is to be found 

either underground or in ponds or streams whose banks are of such 

character that, as before stated, gravity ditches are out of the ques- 

FiG. 32.—A homemade jumbo windmill. 

tion, or where the lands to be irrigated lie above the usual water level. 

The great problem, then, of obtaining water is that of pumping it at 

a cost so low that this operation can be performed with profit. 

The question of pumping water merely is not a difficult one. 

Devices for lifting water are older than written history, and various 

forms of pumps are used on almost every farm in the country, every 

citizen being familiar with a number of ways of lifting water. (Fig. 32.) 
But the question is not simply to lift the water. It must be lifted 
in large quantities, and, more than this, the cost of so doing must 

be extremely low—so low that it shall bear but a small proportion to 
the value of the crops produced. This last requirement is really the 

obstacle to the widespread development of agriculture by irrigation 

aaa 
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upon the Great Plains. There the distances are great from farm to 
town and from the producer to the consumer, and the value of the 

crops are correspondingly low; so low, in fact, that undoubtedly many 

products are not worth what they have cost if the farmer’s labor were 

considered as being paid for at moderate wages. To pump water, 

therefore, to increase the yield of wheat or corn which must compete 

with that raised in humid regions is obviously out of the question. 

The cost of pumping the great quantities of water used in irrigation 

prohibits the raising of water to heights of much over 50 feet. There 

are, of course, exceptions to any such rule, especially in the case of 

windmills and of hydraulic engines or water wheels. Claims are made 

that irrigation water has been pumped or lifted to heights of 200 feet, 

but such instances are rare and not well authenticated. 

PUMPS. 

In considering what kind of a pump to use, the farmer must of neces- 

sity determine at the same time upon the motive power, for, while 

some pumps are independent and may be driven by almost any kind 

of an engine or even by animal power, others are inseparably connected 
with the actuating mechanism or are designed for some particular pur- 

pose, as, for example, a windmill. 

The simplest device for raising water is the open bucket. This 

when suspended from a well-sweep or hung in various ways has been 

used from long before the dawn of civilization down to the present 

day. In India and Egypt, where human labor is exceedingly cheap, 

considerable areas are irrigated by water lifted by men using buckets 

or woven baskets. Such methods are of course inapplicable to this 

country, but by having the buckets driven by machinery there results 

one of the simplest and most efficient devices. This idea occurred to 

primitive man, and there are to be found throughout the Old World 

water wheels carrying buckets on their rims lifting water into elevated 

troughs, or buckets tied together in an endless chain by ropes and 

lifted by animal power. This latter is known as the Persian wheel, 

perhaps one of the most widely employed mechanisms for irrigation, of 

great antiquity, and yet reinvented in almost every rural community. 

These wheels, or bucket pumps, as now used for irrigation, consist of 

an endless chain of small buckets extending down into the well and 

up vertically to the height to which water must be delivered to flow 

out to the land. This height is in practice limited to about 20 feet. 

The buckets descending empty and ascending filled are discharged at 

the highest point. (Fig. 33.) The machinery for raising them may 

be driven either by horse power, as in the case of a thrashing ma- 

chine, or by a steam engine. Windmills have been used but little for 

this purpose, owing to their varying speed. In this kind of pump 

the water is lifted with the minimum amount of friction and useless 

expenditure of energy. 
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A modification of the common Persian wheel used to a small extent 

for irrigation is the form in which the buckets, instead of moving 
freely upward, pass through a pipe or a long rectangular box in which 

they fit quite closely. Instead of being of bucket form, they may be 
flat, and are then known as “‘flights.” These, ascending with consid- 

erable rapidity, carry ahead of them a body of water of which only 

a small proportion has time to run backward in the course of its 
progress from the bottom to the top. 

By far the greater number and variety of ordinary pumps may be 
classed under the head of piston 

or plunger. These are almost 

infinite in number and are the 

kind ordinarily employed with 

a windmill. They depend for 

their action upon two or more 

valves and upon the lifting or 

displacing of the water by the 

alternate forward and back, or 

in and out, movement of the 

piston rod. In general princi- 

ples these pumps are too well 

known to require description. 

In size they range from the ordi- 

nary pitcher pump, to be found 

at almost every country house, 

up to the massive water cylin- 

ders of the compound condens- 

ing engine built for great cities 

or for draining extensive mines. 

Their cost is as varied as their 

size and intricacy, and can best 

be ascertained by each individ- 

ual consulting for himself the 

nearest dealer or the catalogues 

of well-known manufacturers. 

For irrigation such pumps are 

driven by windmills, by steam 

engines, or by gasoline or hot-air motors, and in some instances, notably 

in the vicinity of Grand Junction, Colo., and on the Yakima River in 

Washington, by water wheels. Although widely known and generally 

used for pumping, yet for purposes of irrigation they are apparently 

being supplanted to a considerable extent by valveless pumps, such 

as the Persian-wheel type or the centrifugal form. 

The centrifugal pumps possess an advantage not only in being valve- 

less, and therefore less liable to injury by sand and floating obstacles, 

but also in the fact that they run continuously in one direction and do 

Fic. 33.—Bucket pump operated by windmill. 
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not have the reciprocating motion of the various forms of plunger. 

The principle of their action is that of a rapidly whirling bedy throw- 

ing objects from its surface. Blades of suitably proportioned fans 

are caused to revolve rapidly in the water, and the masses thrown 
away are confined in a box or pipe in such manner as to be forced up- 

ward or outward, their place being supplied by succeeding quantities. 

These pumps are designed not only for purposes of lifting water, but 

even for transporting mud, sand, and gravel, and therefore can not 

be seriously injured by the muddy water often used for irrigation. As 

arule, they are driven by steam power, as their efficiency depends upon 

the rapidity of motion. Some forms of centrifugal pump, however, 

have been designed for use with horse power (fig. 34) and even for 

windmills. 
Closely related to the centrifugal pumps are various forms of rotary 
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Fia. 31.—Centrifugal pump operated by horse power. 

water engines, in which the moving parts, instead of traversing for- 

ward and backward the length of the cylinder, revolve around in it 

or in several portions of cylinders lying side by side. These also de- 

pend for efficiency upon rapid motion, and are so constructed that 

ordinary muddy water does not injure them. 

Besides the types above described there are a number of hydraulic 

engines, such as rams or modified siphons, which depend for their effi- 

ciency upon the momentum of a column of water suddenly brought to 

rest. The ramming force of this large column sends forward a small 
part of the total amount to a higher elevation than that of the source 

of the main supply. These devices are useful wherever they can be 

installed, but they only deliver from one-seventh to one-tenth or less 

of the water which falls from a higher to a Jower elevation, and they 

have therefore a limited use. 
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There are also offered to the irrigators a few pumps of low lifting 

power whose action is due to the condensing of steam and the conse- 

quent inrush of water to fill the vacuum created. These pumps, 

though extremely simple in principle, are often complicated in con- 

struction, and have in many instances failed to operate properly when 

not under the direct charge of a skilled mechanie. 

In placing any form of pump in a well, care must be taken that the 

water flows freely toward it. For this reason it is desirable that wells 

from which considerable quantities of water are pumped shall be of 

sufficient size and shape to enable observation to be made of the 

behavior of the pump and of the level of the water surface. In 

many cases irrigators, misled by the common use of the term ‘‘under- 

flow,” have assumed that the water underground must flow rapidly to 

their wells and have sunk pipes into the water-bearing strata, connect- 

ing pumps to these as though they led directly to an open body of 

water. Powerful windmills have been provided and strong pumps 

attached in utter ignorance of the fact that the water can percolate 

but slowly through the ordinary sands and gravels. As a result, dis- 

appointment and loss of investment have ensued, and the farmer, 

instead of digging out a suitable well, has condemned the pumping 

machinery as defective. If an open pit had been provided in the first 

instance, he would at least have seen where the source of trouble lay 

and probably have been able to secure a larger supply of water by sink- 

ing numerous connecting wells. 

WINDMILLS. 

Of the devices for operating pumps for irrigation upon the Great 

Plains, windmills are undoubtedly the most important, and they will 

always remain so from the fact that the winds blow almost incessantly 

over this vast country. The power of the wind in the aggregate is 

something that can not be comprehended, and the windmills at best 

utilize only a small fraction of the force available in an infinitely 

small part of the moving air. As far as the total power is concerned, 
it is impossible to build machines too big, but mechanical skill soon 

reaches a limit. Practical application stops far short of the theoret- 

ical possibilities. A high degree of efficiency is not as essential as in 

the case of steam and other motors, because of the fact that there is 

power in excess and costing nothing. In the ordinary steam engines, 

however, fuel is the great item of expense, and the amount used must 

be cut down even at considerable outlay in first cost of machinery. 

The forms of windmill are so diverse that a volume would be re- 

quired to describe them, but for the purpose of raising water for irri- 

gation the available types are comparatively restricted. There are, 

however, a considerable number of windmills on the market, many of 

which are being used successfully for raising water for agricultural 

purposes. It is, of course, impossible to recommend specifically any 



IRRIGATION ON THE GREAT PLAINS. 185 

of these, but the farmer intending to introduce irrigation should ascer- 

tain what kind of windmills, if any, are used in his locality or county, 
and endeavor to make use of the experience of others. If this can 

not be done, negotiations should be entered into with reputable firms 

who have been handling windmills for a number of years and whose 
business standing is such that they can not afford to sell or erect an 

inefficient machine. By taking these precautions the farmer will be 

reasonably sure of obtaining a good mill. 

All things considered, the simpler the mechanism of a windmill the 

better. For use upon the Great Plains a complete metal construction 

is preferable to wood. One warning should be given, however, that 

extreme lightness and cheapness of construction should be looked 

upon with suspicion. There are a considerable number of mills on the 

market whose first cost is low, but whose expense for maintenance 

and repairs is extremely great. 

The cost of a good windmill erected in place and attached to an 

efficient pump will of course be dependent not only upon the kind 

of machinery, but also upon the location of the pumping plant, the 

eost of freightage and handling being a relatively important item. 

In round numbers it may be said, however, that upon the Great Plains, 

at moderate distances from a railroad, a windmill with wheel 8 feet in 

diameter and suitable pump placed at a depth, say, of from 20 to 40 feet 

from the surface can be had complete for from $70 to $125, a 12-foot 

mill will cost from $100 to $200, and a 16-foot mill from $175 to $300. 

The cost of the individual items can best be ascertained from dealers’ 

catalogues, as these fluctuate with the changes and improvements 

introduced. It is, as a rule, wiser in procuring an irrigating plant of 

this character to purchase a moderate-sized or smail wheel at first, 

this being properly proportioned to the size of the pump and the 

amount of water to be had. If the farmer is successful with this 

smaller machinery, he can readily supplement it by other windmills at 

a later time, and by giving careful attention to the details of a small 

mill and limited acreage he will have greater chances of success. 

Attention to details is, in fact, the keynote to good fortune, not only 

with the windmills and other machinery, but in the practice of irriga- 

tion itself. The windmill is a piece of machinery which, with moder- 

ate care and the exercise of common sense in keeping it oiled and 

properly adjusted, will last for many years. But no matter how sim- 

ple or how strong, it can not be expected to run month after month 

without care. It has sometimes been assumed that irrigation is the 

lazy man’s way of farming, and that all there is to be done is to procure 

asupply of water and let it flow upon the ground. It is through this 

mistaken idea that so many failures have been made upon the Great 

Plains. It does not follow that where the rainfall is slightly deficient 
all that has to be done is merely to supply this shortage. Far more 

than this is essential. Not only must all the devices for getting the 
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water to the ground be kept in constant order, but the soil itself must 

be given unremitting attention in cultivation after each watering. 

As a general rule, it may be said that the fast-running windmills 

with backgearing are most successful. In these the pump rod is not 

connected directly with the shaft of the mill, making a stroke for every 

turn of the wheel, but a gearing is interposed, with the result that 

usually two or more revolutions of the wheel are required in each 
stroke of the pump. This reduces the resistance to the turning of 

the wheel, allows it to run in a lower wind, and thus results in the 

pump being operated on an average for a greater number of hours per 

day. Ifa plunger pump is used, it is desirable to have one with a rel- 

atively long stroke, so geared that in moderately high winds the 

motion will not be so rapid as to cause the machinery to pound at the 

beginning and end of each stroke. As ordinarily constructed, a con- 

siderable portion of the force of the windmill is employed destruc- 

tively in a rapid succession of sudden jerks on the pump rod in its 
alternate up and down motion. For this reason a continuous-running 

pump, such as a centrifugal, would be more efficient if the driving 

power were uniform. 
STEAM AND OTHER ENGINES. 

The most obvious means of driving a pump, after the windmill, is 

the steam engine. Many farmers have already an engine for thrash- 
ing purposes or for other work ona farm. It is comparatively a sim- 
ple matter to use this in driving a suitable pump, and the expense is 

in many localities so low that it is done with success. "Where, how- 
ever, fuel is expensive, as it is liable to be upon the Great Plains, or 
where it is necessary to employ a man of some considerable skill to 

run the engine, the cost may be prohibitory. Theoretically, it would 

be practicable for a number of farmers having moderate capital to 
join tegether in the erection of a pumping plant similar to that con- 

structed for city purposes. Many estimates have been made showing 

that under certain conditions of cost of fuel and efficiency of engines 
the first and annual expense for water is less than that from the aver- 
age of the larger. canals throughout the country. Practically, how- 
ever, this condition has not yet been realized, and so far as can be 
ascertained there are no steam pumping plants in successful opera- 

tion upon the Great Plains. A few have been erected, but from one 

cause or another these have not proved financially successful. 

Next to steam come the gas or gasoline and hot-air engines. The 
makers of these claim that they can be used with great efficiency, 

and in a number of instances they are reported to be in active oper- 
ation. Either the first cost or the cost of the gasoline and of repairs 
must be greater than admitted by the owners or else there are practi- 
cal difficulties in their operation. The fact seems to be that up to 
the present time few of these pumping plants have been installed. 
These engines usually require very little care and attention while in 

-good order. 
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STORING AND CONDUCTING WATER. 

Having determined upon a well or similar source of supply and a 

method of raising the water to a height sufficient to cause it to flow 

to the land to be irrigated, the next point to be considered is that of 

reservoir and ditches. Where storm waters are employed, the loca- 

tion of the reservoir is governed by the slope of the land, and the 

construction of this, if of considerable size, should be under the super- 
vision of a competent engineer. With the ordinary windmill irriga- 

tion it is usually the case that the reservoir can be placed where most 

convenient. It is therefore desirable to so locate the point of storage 
that the ditches leading from it will carry the water to all points of 

the fields to be irrigated rapidly, and yet without such great fall as 

to wash the earth. 
PONDS AND TANKS, 

The necessity of a place for storing water where it is pumped or 

obtained in small quantities at a time arises from the fact that irri- 

gation is only possible when a sufficient ‘‘head” of water is at hand 

to produce a stream of as great size and velocity as can be readily 

controlled by one man with a hoe orspade. It is impracticable to 

irrigate directly from the ordinary windmill, because of the fact that 

the stream of water turned into a ditch may continue for hours or 

even. days without wetting the ditch for a distance of more than 50 to 

100 feet from the well. The water soaks into the ground as fast as it 

is pumped uponit. But if this same amount of water is held ina 
tank or earthen reservoir of sufficient size, and is allowed to aceumu- 

late during several days and nights of continuous pumping, there is 

then at hand a sufficient volume to make it possible to irrigate even 

the most porous of soils. The gate of the reservoir, when opened, 

allows a stream of such size to issue that only a relatively small pro- 

portion can soak into the ground on its way to the cultivated lands. 

Upon the Great Plains the method in most general use for holding 

water is that of utilizing small artificial ponds with earthen walls. 

In a few instances wooden tanks are used, constructed of staves held 

in place by iron bands, and similar to the water tanks constructed by 

railroad companies. The size of these latter, however, is limited 

and their cost relatively great, their disadvantage in this direction 

more than outweighing the economy effected by reducing the loss 

from leakage and evaporation. 

In locating and constructing a small earthen pond it is necessary 

to consider not only the convenience of getting water into and out of 

it, but also the conditions which determine the losses. The greatest 

of these is through leaks in the sides or seepage through the bottom, 

and next to this is evaporation. This takes place only from the 

surface of water, and therefore the waste in this direction can be 

reduced by making the surface as small as possible relatively to the 
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volume of water held. If two reservoirs are constructed, one 100 feet 

square and holding water to the depth of 1 foot, the other 50 feet on 

each side and holding 4 feet of water, the loss by evaporation from 

the first will be four times as great as from the second, because it 

exposes four times the surface area. That this loss from evaporation 

is a matter worthy of consideration may be seen from the fact that in 

the Great Plains region, with its dry winds and bright sunlight, the 

loss of water each day during the summer may be from one-quarter 

to one-half inch in depth, and during windy days may be upward of 

aninch. If, however, the depth of the reservoir is increased in order 

to diminish losses by evaporation, there is danger of increasing the 

pressure to such an extent as to force water out in leaks through 

the banks or bottom. Greater care must therefore be taken in con- 

struction. 

In order to prevent loss of water by leaking, it is desirable to select, 

if practicable, a place where the soil or subsoil is composed of a rather 

compact clay or of clayey loam. If, however, it is impracticable to 

find the right kind of soil at the desired elevation, then the reservoir 

can be built, but greater caution must be exercised. The size must 

depend upon the amount of water to be had. As arule, the reservoirs 

on the Great Plains are from 50 to 100 feet across. In shape they are 

circular, oblong, square, or rectangular. The circular form offers the 

advantage of presenting the least amount of surface for a content of 

a given quantity. The same is true of the square form as compared 

with the rectangular. Some irrigators, however, consider that either 

the oblong or rectangular shape is preferable to the circular or square 

form, because, if constructed with the long diameter or width across 

the path of the prevailing winds, the waves created are smaller and 

less destructive to the banks. This is a matter of considerable 

importance where these are built of extremely fine, friable material. 

Having determined upon the location, shape, and size of the reser- 

voir, the first operation is to plow up and strip off the sod and surface 

soil where the banks are to be placed. All the sods, roots, and litter 

should be cleared away and the ground piowed, in order to make it 

possible to bind the new earth thoroughly with the undisturbed sub- 

soil. Earth is then hauled in by scraper or wagon and dumped upon 

the foundation thus prepared. It should always be brought in small 

quantities and thoroughly trampled by the horses or pressed down by 

the wagon wheels before another layer is putin place. If practicable, 

it is desirable, in building the reservoir walls, to raise the outside 

edges slightly above the center of the wall and let in, from time to 

time, sufficient water to thoroughly wet the earth, causing it to settle 

more compactly. 

The width of the foundation will depend upon the height of the wall 

to be built. It is usually at least three times the latter, so as to allow 

gentle slopes both on the inside and outside of the reservoir. It is 
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preferable to have slopes of at least 14 to 1, that is, for a distance 

measured horizontally on the ground of 14 feet the rise should only be 

1 foot. The top of the reservoir banks should be at least 2 feet wide. 
If, therefore, the bank is 5 feet high, the slopes on each side will extend 
74 feet. Adding to this the width of the center will make 17 feet in 

all for the foundation. Earth for building a wall should not as a rule 

be taken from inside the reservoir, as this serves to lower the bottom 

and may cause it to leak, or by being below the general level the pond 

ean not be completely drained. 
In building the walls one of the first things to consider is the outlet. 

This should be placed in such a position that the water will be deliv- 

ered conveniently to the ditches, and its position should be so low that 

it will completely empty the reservoir. This outlet should be provided 

with a valve or gate on the inner side, so arranged that it is accessi- 

ble at alltimes. Itis usual to construct this outlet of boards or plank 
in the form of a long box of from 8 to 18 inches in width and height. 
For permanence it might be better to use a metal pipe, but it is prob- 

able that the wooden outlet will serve for a sufficient number of years. 

RESERVOIR ——— 
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Fig. 35.—Section of reservoir bank showing outlet. 

Having placed the outlet box or pipe in proper position, great care 
must be taken in building the wall at this particular place to secure 

a tight joint. Clay should be carefully tamped around and under the 

box, and as an additional precaution it is well to provide the box with 

wings or ribs projecting outward into the earth bank and preventing 

the percolation of water along the contact plane between earth and the 

wood or metal. The gate on the inside end of the outlet may be of 

any one of a great variety of forms, from a simple board placed securely 

against the end to the expensive metal valve used for city purposes. 

One of the simplest and most efficient gates in use consists of a broad 

plank covering the end of the box, which is cut off in such a position 
as to slope diagonally upward and toward the bank. ‘The place of 

contact between the end of the box and plank covering it is lined with 
leather or some similar substance, insuring a tight joint. The plank 

covering is hinged on the upper side and is extended diagonally 

upward by a stout bar. When this is grasped and pulled toward the 

bank, the valve is opened against the pressure of the water, and when 
the bar is released it is automatically closed. (Fig. 35.) 
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After the reservoir walls are built they should be protected against 

the washing of the waves. This ean be done by placing heavy sod 

upon them, or, better, by covering them at the water line with broken 

rock if this can be had. An efficient form of protection is made by 

roughly weaving willow twigs into a mat and holding this in place 
by stone or large sod. In ceurse of time the willow takes root and 
holds the soilin place. Inasmall reservoir old pieces of plank thrown 

upon the water will 

often suffice, as these 

iron cere Gift over to the side 
exposed to the waves 

and break their force. 

The next step is to render the bottom thoroughly tight by what is 

known as puddling. If the soil is clayey, it may not be necessary to 

resort to this, but if composed of a light, sandy material there may be 

necessity for considerable care and for the exercise of much patience 

before the reservoir will be made reasonably tight. Puddling is accom- 

plished by letting in an amount of water sufficient to make mud and 

Fic. 35.—Section of field and lateral ditch. 

then driving animals round and round until with their feet they have - 

completely worked up all portions of the bottom, destroying the poros- 

ity by trampling fine material into every minute orifice. If there is 

not a sufficient amount of clayey material to form a muddy mass, then 

it will be necessary to haul in a few loads of clay. Short straw, litter, 

and manure can also be used to advantage in a sandy soil. By con- 
tinuing this process uf puddling and adding such materials a reservoir, 

even on extremely loose soil, can be made reasonably tight. 

DITCHES AND FLUMES. 

From the reservoir, whether constructed on a large seale to hold 

storm water or of small size to receive the discharge from a pump, 

there must be pro- 

vided suitable 
means of conduct- 
ing the water to the 

land. Thesimplest, 

cheapest, and most 

widely used is the 

open earth ditch 
(fig. 36) builtinsuch 
a way as to have a 
gentle, uniform grade sufficiently great for the water to flow with rapid- 
ity and yet not to wash the banks. As no natural surface is absolutely 
uniform, it is necessary, in order to secure this grade, that the ditch 
wind about, following the contour of the surface. It is desirable, how- 

ever, on account of economy of expense and of water, that all ditches 
should be as nearly straight as possible, and to save distance it is 
sometimes necessary to build up the ditch upon a mound (fig. 37) or, if 

Fic. 37.—Section of raised ditch. 
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the depression to be crossed is too great, to constructa flume. It would 

of course be better to use a pipe laid directly from the reservoir to the 

point where water is to be distributed, but the expense, even of the 

cheapest forms, is too great to justify their use to any considerable 

extent for such crops as are raised upon the Great Plains. In Cali- 

fornia where the citrus and other semitropic fruits are produced, with 

a value of from $100 to $200 or more per acre, and where water is 

exceedingly expensive, pipes of wood, earthenware, and wrought and 

east iron are largely used. 

Fia. 38.—Sections and elevations of flames. 

To lay out a ditch, if a considerable distance is to be traversed, it 

is desirable to use a surveyor’s level and run upon a determinate 

grade. If this is not practicable and the farmer has not had sufficient 

experience to judge grades by the eye, a simpler device can be used. 

This consists of a straightedge or stiff board 16 to 20 feet long, so 

arranged that a carpenter’s level can be attached. If the fall is to be 

one-fourth or one-half of an inch per rod (about the usual grade), a little 
pin is fastened to one end of the board projecting downward this dis- 

tanee. At the starting point asmall stake is driven into the ground and 

the end of the straightedge placed uponit. The other end carrying the 

Fia. 39.—Combined wood and iron flume. 

projecting pin is swung ona level until it strikes the ground, then a 

small stake is driven down until with the projecting pin of the straight- 

edge upon it the leveling bubble is in the center. The straightedge 
is then earried forward, the upper end placed upon the second post, 

and the end with the grade pin on it swung about to determine the 

new position. After this series of posts or pins has been driven into 

the ground, the farmer can go over the line, straighten it out, or deter- 

mine upon the necessity of constructing elevated ditches and flumes. 
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The ordinary flumes consist simply of open troughs or endless boxes 

(fig. 838) forming a portion of the ditch. They are built of boards or 
plank held in position and supported by timbers. Joints are usually 

made tight by pitch and oakum or by similar means. While in many 

cases flumes are indispensable and save the construction of long lines 

of earth ditches, they are usually a continual source of annoyance 

from leaking and require considerable attention to keep them in repair. 

The points where the flumes join the earth ditches are particularly 
difficult to maintain. It is necessary that the earth be very carefully 

tamped and that the flume be provided with wings in such a way as 

to make the union perfect. The section of the flume is usually ree- 

tangular, but it may be of a V shape, and occasionally, as in California, 

it is semicireular, this latter form requiring least lumber, but necessi- 

tating the use of iron bands or brackets. (Fig. 39.) 

APPLYING WATER. 

The methods of applying water differ widely, being dependent upon 

the character of the climate, crops, and soil, and upon the experience 

of the irrigator. The principles underlying the practice have never 

been clearly stated, and with the present knowledge of plant physi- 

ology and of soil structure if appears impossible for them to be. The 

greatest advance of irrigation will probably be along the line of exact 

information as to the behavior of water in the soils and of the influ- 

ence of moisture upon plant growth and disease. This knowledge is 

needed, and although there is a large mass of statements of methods 

in vogue there has never been a comprehensive discussion of the 

matter such as leads to the presentation of simple and direct rules. 

It has been found, for example, that by applying water at one time and 

withholding it at others certain beneficial or injurious results have 

been obtained, but why these are so it is not possible to state clearly. 

Rules for applying water applicable within the arid region may not 

be suitable for the Great Plains region or for localities farther east. 

There is considerable difference in the amount of sunlight received 

and in the dryness of the air. For this reason it has been found that 

so-called practical irrigators from Colorado and Utah have not made 
as great a success on the plains as men who have learned the art 

from experience on the spot. These farmers must in many instances 

unlearn the maxims they have acquired and note more carefully cer- 

tain conditions which before they have neglected. 

One of the first questions the farmer asks, after he has determined 

to try irrigation and has settled upon a source of water supply, is how 

much water will be needed or how much land ean be irrigated with a 

given amount. This question appears simple, but like many others 

of its kind it is capable of a great variety of answers. It is a good 

deal like asking what is the average size of a boy. So much depends 

upon the surrounding circumstances of soil, climate, character of 
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crop and means of applying water that most, if not all, of these must 

be known in advance. It is of course possible to take the statements 

of a great many farmers and, averaging them up, draw general con- 

clusions, but these can not be applied to any special case without the 

exercise of considerable judgment, and before doing so certain tech- 

nical terms or definitions of quantities must be clearly in mind. 

(Pl. IV.) 
DUTY OF WATER. 

The phrase ‘‘duty of water” is a term which has been devised to 

convey the idea as to the relation between the quantity of water and 

the area which can be irrigated by it. The duty of water may be 

expressed in three ways: First, by the rate of flow of a stream for 

a certain number of days necessary for the irrigation of 1 acre; 

second, by the actual volume of water in gallons, cubic feet, or acre- 

feet which, if properly applied, will suffice for an acre; or, third, by 

the total depth of water put at various times upon the surface. This 

third expression is similar to the second, but takes no account of the 

extent of the field, as, for example, we may say that a certain piece of 

ground requires 21 inches, that is, during the irrigating season a depth 

of water of 21 inches has in the aggregate been applied to the surface, 

usually in a number of waterings at intervals of several weeks. One 

of these expressions may be converted into the other conveniently by 

simple computations based upon the relation of one unit to another. 

In speaking of inches in depth, these must not be confused with the 
miner’s inch, whichis simply a rate of flow independent of the quantity. 

The duty of water varies widely and can only be given in the most 

general terms. As before stated, it depends upon the climate, the 

amount of rainfall, the variations of temperature, the character of 

the soil and subsoil, the methods of cultivation, the kind of crops, 
and perhaps more than all upon the skill of the irrigator. Theoret- 

ically, it might be possible to ascertain just how much water a given 

plant requires under the ordinary range of temperature, and from this 

deduce the least quantity that can be used, but so many other matters 

must be considered that estimates of this kind have little more than 

a theoretical value. A certain quantity of water must be lost on the 

way from the stream or source of supply to the field, and again in the 
field before reaching the roots of the plant. 

Although the duty of water varies widely in actual practice and is 
such an uncertain quantity, yet it is convenient to make certain 

assumptions in order to estimate the possible extension of irrigation 
from the given source of supply. There is a theoretical limit as to 

the amount of water required by plants, and it is impossible to sue- 

cessfully produce crops with any smaller quantity, but this limit is 

so far removed from present practice that it does not seem probable 

it will ever be reached. Moreover, as different varieties of plants 

require different amounts of water, it may be possible to introduce 

12 A96 13 
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kinds which will require a minimum supply and thus enable a larger 

acreage to be cultivated by employing the given quantity of water. 

In the arid region, upon land irrigated for the first time and where 

water is to be had in abundance, a duty as low as 30 acres to the 

second-foot has been reported. This quantity of water flowing for, 

say, sixty days would cover an acre to the depth of about 4 feet. 

This may be regarded as one extreme. This amount, however, could 

not be used unless the surface drainage were perfect or the subsoil 

were largely composed of open gravels or sands, allowing water to 

escape freely, as it would quickly result in converting the eountry 

into a marsh. The excessive water would tend to carry away the 
rich qualities of the soil and wash it out until little of value remained. 

In some localities, where the earthy alkaline salts abound, this exces- 

sive irrigation or washing is resorted to in order to take away the inju- 

rious superabundance of soluble material. 

The ordinary duty of water, as measured in the ditches leading to 

the fields in Utah, Idaho, and parts of Colorado, ranges from 60 to 70 

acres to the second-foot. This quantity of water flowing for sixty days 

is equivalent to a depth of about 1} to 2 feet, and for ninety days to 

a depth of from 24 to 3 feet. This is very nearly the minimum duty 

as fixed by the State law of Wyoming, which requires that no allot- 

ment of water shall exceed 1 cubic foot per second for each 70 acres. 

The highest duty of water is reached in California, where the quan- 

tities are usually given in miner’s inches. The ordinary practice is 

2 acres to the miner’s inch, or 100 acres to the second-foot. From this 

as 2 minimum the quantity runs up to 4 ord acrestothe miner’s inch, 

and in some eases, as in the cultivation of orchards where water is 

very scaree and expensive, it is reported to be as high as from 8 to 19 

acres to the miner’s inch, or from 400 to 750 acres per second-foot. 

This quantity flowing for sixty days would cover the ground to a depth 

of from 34 to 2 inches, or for ninety days to from 54 to 3 inches. 

Where the soil is naturally retentive of moisture and has been once 

thoroughly saturated, it has been found possible by careful and con- 

tinuous eultivation to attain success with orchards, vines, and some 

of the field crops with but one slight watering, or even without any, 

for a number of years in succession. In such cases the water duty 

may be given as extremely high. But it is hardly proper to consider 

such cases in connection with ordinary irrigation. 

In the Great Plains region as a whole, where water is derived from 

underground sources or is held in storage reservoirs, it is necessary to 

reach a duty of water higher than that commonly found in case of 
water from large perennial streams, from the fact that the first cost is 

usually larger, the quantities to be handled are smaller, and the land 

irrigated is generally in the immediate vicinity of the source of sup- 

ply. For irrigation during the first year the duty can hardly be 

estimated, because the thirsty soil is almost insatiable in its demand 
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for water, but after the ground has once been fairly well saturated 

an applieation of 20 inches of water in depth for the second year 

should suffice, and after that less and less, depending upon the 

amount of rain and the humidity ef the air. The question of quan- 

tity of water is so closely connected with that of cultivation that no 
estimate can have any great value beyond giving broad impressions. 

One of the most important points for the farmer to have in mind 

when planning his methods of irrigation is, in any event, to provide a 

sufficient supply of water. On the Great Plains, especially, and to a 

less extent throughout the arid region, there is a tendency to under- 

estimate the duty of water and where expenditures are concerned to 

try to make a small supply go too far. This is not the case with the 

older irrigation ditches built by farmers from streams of considerable 

size, for there waier is lavishly used and often to the detriment of the 

crops; but where pumping or storing water is concerned, or where 

the farmers purchase water rights, the tendency is to go to the other 

extreme and, relying upon theoretical considerations, try to eulti- 

vate land with an entirely inadequate supply. Between these two 
extremes lies the intermediate ground of suecess. Too much water 

will reduce the amount and quality of the crop, while too little will 

result in waste of energy and in disappointment through utter failure. 

Great injury has already been wrought to the development of irriga- 
tion through the excessive sale of water rights in storage enterprises 
or canals, where farmers have purchased acreage rights to which an 
inadequate supply was allotted. The proper development of pump- 
ing has also been retarded by overestimates of the capacity of the 
pumps and underestimates of the amount of water required, so that 
in actual performance, where ordinary difficulties and accidents were 

encountered, the pumping plants have been serious disappointments 
if not actual losses. 

The methods of applying water ean best be learned by the individual 
farmer through experience. They are not at all difficult, although in 

each locality certain details are to be observed, dependent upon the 
character of the climate, soil, and crops. The methods in common use 
throughout the West have been so often described and are so well 

given in an article by L. R. Taft in the Yearbook for 1895 that further 
discussion is hardly necessary. Emphasis should be given, however, 

to the fact that the first essential for an economic application of water 
is that of having the ground properly leveled or graded before culti- 
ration and irrigation are begun. When this has been thoroughly 
done, the irrigation can be carried on rapidly and efficiently with a 
small quantity of water and the supply can be evenly distributed, each 
portion of the field receiving its share. 

CULTIVATION. 

The whole object of irrigation is to supply a sufficient amount of 
water at the right time, so that the plants will reach their highest 
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development or produce the finest fruit. This object will, however, 

be defeated unless irrigation is accompanied by proper cultivation. 

In fact, if one can be said to have more importance than the other, 

it is cultivation. This must be carried on usually to a far higher 
degree of perfection than in the case of nonirrigated crops, from the 

fact that in the practice of irrigation a considerable expenditure is 

involved, even at the best, and the largest returns should be realized 

in order to recompense this outlay. With ample water at hand, many 

of the conditions affecting crops are under control, and it should be 

possible by proper care to realize an ideal condition of yield and 

fruitage. 

The farmer who imagines that by procuring suitable irrigating ma- 

chinery or devices and by pouring water upon the fields he is thereby 

doing all that is necessary to insure a profitable yield is almost cer- 

tain to be disappointed. This is only the beginning of his labors, for, 

except in the case of the forage crops or small grains, the application 

of water must be followed by thorough tilling, and this should be’ 

kept up until the soil is in a perfect condition of mulch. There are 

to be found all over the plains region farmers who have gone so far as 

to procure a windmill or other pumping machinery, and who have for 

a season let the water flow over their fields without care or judgment, 

drowning out parts of the crops, washing the soil in places, and allow- 

ing it to bake in others. These men, as may be expected, denounce 

irrigation as impossible or useless, not being willing to acknowledge 

that the fault lies in their own lack of attention to the soil after water 
has been applied. 

In trying irrigation for the first time the farmer should attempt it 
upon only a small area, from 3 to 5 acres, and put as much labor upon 
these as he has been accustomed to spend upon many times that num- 

ber in dry farming. If this is done intelligently, the larger yield will 
more than compensate for the added exertion. By giving careful 

attention to the needs of crop over a small area the farmer will soon 

learn to judge for himself as to when, with his conditions of soil and 

climate, plants actually require water. It is almost impossible in the 

present stage of our knowledge to give these definite directions, but 
it is practicable for the observant man to learn for himself while ear- 
rying on the cultivation so essential to success. 

It should not be assumed from what has been stated that the bene- 
fits of irrigation are felt only in the more arid portions of the Great 
Plains. Such localities undoubtedly possess a certain advantage in 
that the sunlight is more intense, but this is a difference of a rela- 
tively small degree. On the eastern side of the Great Plains, and in 
fact over the adjacent prairie regions, irrigation can be and is being 

introduced with success. Viewed merely as a method of insurance 

against crop loss, the expense of procuring suitable methods of apply- 
ing water at the right time can not be regarded otherwise than as a 
businesslike investment. 



THE BLUE JAY AND ITS FOOD. 

By F. E. L. BEAL, 

Assistant Biologist, U. S. Department of Agriculture. 

GENERAL REMARKS. 

Of the various birds that enliven the groves and orchards, few are 

more conspicuous than the common blue jay (Cyanocitta cristata) 
(fig. 40). Its loud and rather harsh voice, striking colors, and obtrusive 

actions attract attention when other birds equally abundant remain 

unnoticed. An accurate knowledge of its food habits is a matter of 

some importance from an economic point of view, since the bird is 

abundant and feeds largely upon grain and other hard seeds, although 

the proportion supplied by the farmer’s crops has never been accu- 

rately determined. It has also been shown that the jay occasionally 
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Fig. 40.—The common blue jay. 

preys upon the eggs or young of other birds, and some observers have 

declared it an habitual nest robber and thief, but the extent of its 

nest-robbing proclivities is unknown, and a detailed examination of 

its food is necessary in order to throw more light on these points. 

The blue jay is distributed over the whole of the United States east 

of the Great Plains, from the Gulf of Mexico to Manitoba and New- 

foundland. It remains constant in form and color throughout most 

of this region, except in Florida and along the Gulf coast, where a 

smaller race ( Cyanocitta cristata florincola) occurs. While jays com- 

monly resort to the forest to breed, they do not by any means confine 

themselves to the woods, but visit orchards, meadows, gardens, and 
197 
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farmyardsin search of food. They remain throughout the year in most — 

parts of their range, and their beautiful blue plumage is particularly 

conspicuous in the fall and winter months, when the trees are partly or 
wholly denuded of foliage. Their saucy, independent airs, sprightly 

manners, brilliant colors, and jaunty, plumed caps have gained them 

many friends, in spite of the fact that their food habits are supposed 

to be somewhat detrimental to the interests of the farmer. So com- 

pletely is this latter fact forgotten in the gloom and nakedness of 

winter that it is a common practice in many places, notably in New 

England, to place beds of chaff upon the snow into which corn is seat- 

tered each day in order to attract the jays. When the ground is well 

covered with its wintry fleece, they may be seen at all hours of the day 

eagerly pecking in the chaff for the welcome morsels, and their pres- 

ence in the garden and on the lawn relieves to some extent the winter 

dearth of bird life. 
The vocal powers of this bird, while by no means to be despised, are 

not as pleasing as is its plumage, and most of its notes can be consid- 

ered agreeable only by association. Jays are more or less garru- 

lous all the year, but are particularly noisy at harvest time when 

laying up a supply of food for winter. They also exhibit considera- 

ble powers of mimicry and imitate the notes of many other birds with 

considerable suecess. One which was kept in eaptivity by Mr. Syl- 

yester D. Judd learned to pronounce several English names distinctly, 

as well as to give a schoolboy’s yell and to whistle for a dog. 
Blue jays have been charged with eating grain, devouring fruit, and 

destroying the eggs and young of other birds. It is also asserted that 

they devour numerous insects, and thus to some extent counterbal- 
ance the harm they do. Many cases of nest robbing might be cited, 

but it will be sufficient to give a few notes of field observers. — 
Mr. Henry M. Berry, of Iowa City, Iowa, claims to have seen blue 

jays suck the contents of four eggs of the wood thrush while the old 

bird was only a few feet distant doing its best to drive them away. 

Mr. B. F. Goss, of Pewaukee, Wis., declares that they are the worst 

robbers of all, and that their destruction of the eggs and young of 

small birds is appalling. 

Mr. T. J. Bull, of Hot Springs, Ark., writes: ‘‘ While standing on the 

observatory on Hot Springs Mountain, I saw beneath me a pairof red- 

birds chirping in great distress, and also noticed a blue jay fly away. 

Upon looking more closely, I discovered a nest with one young bird 

init. * * * Jn about half an hour the jay returned to the nest, 

picked up the young bird, and flew away with it.” 
In view of such explicit testimony from observers whose accuracy 

can not be impeached, special pains have been taken to ascertain how 

far the charges were sustained by a study of the bird’s food. An ex- 

amination was made of 292 stomachs collected in every month of the 

year from 22 States, the District cf Columbia, and Canada. 
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EXAMINATION OF STOMACH CONTENTS. 

One of the first points to attract attention in examining these stom- 

achs was the large quantity of mineral matter, averaging over 14 per 

cent of the total contents. The real food is composed of 24.3 per cent 

of animal matter and 75.7 per cent of vegetable matter, or a trifle more 

than three times as much vegetable as animal (fig. 41). The animal 

food is chiefly made up of insects, with a few spiders, myriapods, 

snails, and small vertebrates, such as fish, salamanders, tree frogs, 

mice, and birds. Everything was carefully examined which might 

by any possibility indicate that birds or eggs had been eaten, but 

remains of birds were found in only 2, and the shells of small birds’ 

eggs in3of the 292stomachs. One of these, taken on February 10, con- 

tained the bones, claws, and a little skin of a bird’s foot. Another, 
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Fic. 41.—Diagram showing the relative amounts of vegetable and animal food eaten by the bluse 

jay in each month of the year. Tho vegetable food is represented by the area above the line 

AB; the animal food by the space below. 

Hj Miscellaneous animal food. 

taken on June 24, contained remains of a young bird. The three 
stomachs with birds’ eggs were collected in June, August, and October, 

respectively. The shell eaten in October belonged to the egg of some 

larger bird like the ruffed grouse, and considering the time of year, 

was undoubtedly merely an empty shell from an old nest. Shells of 

eggs which were identified as those of domesticated fowls, or some 

bird of equal size, were found in 11 stomachs, collected at irregular 

times during the year. This evidence would seem to show that more 

eggs of domesticated fowls than of wild birds are destroyed, but it is 

much more probable that these shells were obtained from refuse heaps 

about farmhouses. 
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To reconcile such contradictory evidence is certainly difficult, but it 

seems evident that these nest-robbing propensities are not as general 

as has been heretofore supposed. If this habit were as prevalent as 

some writers have asserted, and if it were true that eggs and young 

of smaller birds constitute the chief food of the blue jay during the 
breeding season, the small birds of any section where jays are fairly 

abundant would be in danger of extermination. 

The ease with which a bird’s actions may be misinterpreted is well 

illustrated by the case of a stomach which was received with the 

legend ‘‘Eating robins’ eggs,” but which, upon rigid examination, 

failed to reveal even a minute trace of an egg. It is of course possi- 

ble for a bird to eat an egg without swallowing any portion of the 

shell, in which case the soft contents would soon disappear from 

the stomach, but in view of the fact that such substances as dead 

leaves, bits of plant stems, and rotten wood, which are evidently 

swallowed accidentally with insects or other food, are constantly found 

in birds’ stomachs, it does not seem probable that blue jays would 

discriminate against eggshells. To test this matter, four eggs of the 

English sparrow were offered to a jay in captivity. The bird at once 

seized the eggs and began to eat them, but when any piece of the 

shell, no matter how minute, was accidentally dropped it was at once 

picked up and swallowed, and several such pieces that were thrown 

to the farther end of the cage were also eaten, so that the shells with 

their membranes were entirely gone before the soft contents. 

Besides birds, remains, of small vertebrates were found in twelve 

stomachs, as follows: Fish and salamanders in one stomach each, tree 

frogs in four, mice in five, and a shrew in one. It is perhaps worthy 

of note that Dr. B. H. Warren failed to find a trace of any vertebrate 

remains in examining twenty-three stomachs of the blue jay, fourteen 

of which were collected in May, one in June, three in September, and 

five in October. (Birds of Pennsylvania, pp. 200-201.) 

The jay kept in captivity by Mr. Judd showed a marked fond- 

ness for mice, and would devour them apparently with great relish. 

Another bird ate only a portion of dead mice and refused to touch 

live mice, preferring insects when it had an opportunity for choice. 

INSECT FOOD. 

Insects are eaten by blue jays in every month in the year, but nat- 

urally only in small quantities during the winter. The great bulk of 

the insect food consists of beetles, grasshoppers, and caterpillars, with 

a few bugs, wasps, and flies, and an occasional spider and myriapod. 

The average for the whole year is nearly 23 per cent, varying from less 

than 1 per cent in January to over 66 per cent in August, and gradu- 

ally diminishing to 3.2 per cent in December. There is a remarkable 

increase in the quantities eaten in spring and summer, the percent- 

age increasing from 28 in May to 44 in June, and from 46 in July to 



THE BLUE JAY AND ITS FOOD. 201 

66.3 in August. The molting season may account for the increase 

in August, but that in June is not so easily explained. The beetles 

found in the stomachs may be roughly divided into three groups: 

Predaceous beetles (Carabids); those belonging to the May beetle 
family (Scarabeids); and miscellaneous beetles, including about half 
a dozen families. Each of these groups forms a little more than 5} per 

cent of the food. The greatest number of predaceous beetles were 

eaten in July, when they aggregated 10.25 per cent of the food of the 

month. The Carabids belong for the most part to genera with blunt 

jaws, such as Harpalus, Cratacanthus, and Stenolophus; only a few 
specimens with sharp jaws like Pasimachus, Galerita, and Calosoma 

were found, and it is probable that no great harm is done by the 

destruction of these beetles, as they are not entirely carnivorous and 

are therefore less useful, and the individuals are abundant. 

Searabezeids reach their maximum abundance in the jay’s food in 

August (11.8 per cent), although nearly as many (11 per cent) were 

eaten in June. They were mostly represented by the larger species, 

such as the goldsmith beetle (Cotalpa lanigera), the spotted grapevine 
beetle (Pelidnota punctata), the brilliant tumblebug (Phaneus carni- 
fex), with many May beetles (Lachnosierna), and quite a large number 

of fruit-eating beetles (Huphoria inda and E. fulgida). At least 
five specimens of Euphoria inda were found in one stomach, amount- 
ing to 75 per cent of the whole food contents. It is worthy of notice 

that one stomach contained a nearly perfect specimen of the grape- 

vine beetle and also the seeds and skins of the wild grape ( Vitis cor- 

difolia), and it seems probable that the bird visited the vine to feed 
upon the grapes, but finding the beetle swallowed that also. Beetles 

belonging to other families aggregate 16.3 per cent in June, the most 

important being a few leaf-eating beetles (Chrysomelidie), some click 

beetles (Elateridz), and a number of curculios (Cureulionide). <A 
dozen curculios, belonging to the genus Balaninus, were found in a 

single stomach, and three in another. As these beetles live on acorns 

and other nuts, it seems probable that the birds devoured them when 

looking for their favorite food, mast. 

Grasshoppers, crickets, and locusts form about 4.4 per cent of the 

food; but they do not become an important element until July. They 

attain their maximum of 19.5 per cent in August, and continue in 

considerable numbers until December. If June can be called the 

beetle month in the dietary of the jay, August is the grasshopper 

month; and birds that eat these insects at all eat the greatest quan- 

tity at this time. Many birds that live during the rest of the year on 

food obtained from trees or shrubs come to the ground and feed upon 

grasshoppers in August. Caterpillars form an important element 

only in March, August, and September, and the greatest number, 

amounting to 11.4 per cent, were eaten in August. The kind of 

caterpillars eaten is of more interest than the number. The jay 
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apparently likes to take its food in large morsels, and as in the case of 
beetles, large larve, like those of the humming-bird moths (Sphingi- 

de), are selected whenever obtainable. In several cases a single spec- 

imen of these caterpillars more than 2 inehes in length and nearly 

as large as one’s finger was snugly coiled up in the stomach, almost 

filling the whole cavity. Eggs of insects were frequent, and those of 

the tent caterpillar moth (Clisiocampa americana) occurred in four 

eases. Dr. J. A. Allen has found these eggs in blue jay stomachs 

(Auk, XII, Oct., 1895, p. 383), and many years ago Dr. J. P. Kirtland 

called attention to the usefulness of this bird in destroying the larvee 

of the tent caterpillar (Atlantic Monthly, XXV, Apr., 1870, p. 482). 

Many of the smaller species of caterpillars were quite hairy, and 
others rough and warty, showing that this does not render them 

objectionable. Mr. E. H. Forbush credits the blue jay with eating 

great numbers of eggs, pupx, and larve of the gypsy moth, and he 

observed them carrying away the larve, which are hairy caterpillars 

of considerable size, apparently to feed their young. (Rept. on Gypsy 

Moth, Mass. Board Agr., 1896, pp. 214, 215.) 

Insects of several other orders were found in nearly every month, 

and in July and August amounted to a little more than 11 per cent. 

Hymenoptera were represented by wasps and a few ants. One stom- 

ach contained a specimen of the pigeon horntail (Tremex columba), a 
very injurious wood-boring insect. Diptera, or flies, were found in 

only three stomachs. Hemiptera were represented by quite a num- 

ber of stink bugs (Pentatomids), a few cicadas, and remains of coecids, 

or bark lice, which were found in two stomachs. Spiders oceur fre- 

quently, myriapods oceasionally, and snail shells were found in 

thirty-eight stomachs. 

VEGETABLE FOOD. 

As already stated, three-fourths of the blue jay’s food consists of 

vegetable matter, which may be conveniently arranged in several 

groups: (1) Grain, mast, and seeds; (2) fruit; and, (3) miscellaneous. 

LIST OF VEGETABLE SUBSTANCES FOUND IN STOMACHS OF THE BLUE JAY. 

Grain and mast.—Corn, wheat, oats, buckwheat, acorns, chestnuts, 

beechnuts, hazelnuts, sumac (Rhus), knotweed (Polygonum), sorrel 

(Rumez). 
Fruit and miscellaneous.—Apples, strawberries, currants (Ribes 

rubrum), blackberries (Rubus), mulberries (Morus), blueberries ( Vac- 

cinium), huckleberries (Gaylussacia), wild cherries (Prunus serotina), 

chokecherries (Prunus virginiana), wild grapes ( Vitis cordifolia), serv- 

ice berries (Amelanchier canadensis), elderberries (Sambucus cana- 

densis), sour-gum berries (Nyssa aquatica), hawthorn (Crategus), 

chokeberries (Aronia arbutifolia), pokeberries (Phytolacca decandra), 

oak galls, mushrooms, tubers. 
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Grain is naturally one of the most important groups, and may be 

considered first. Wheat, oats, and buckwheat oceur so seldom and 

in such small quantities (1.3 per cent of the whole food) that they 

may be dismissed with slight comment. Wheat was found in only 

eight stomachs, oats in two, and buckwheat in one. The wheat was 

eaten in July, August, and September; oats in March and July, and 

buekwheat in October. Corn was found in seventy-one stomachs, 

and aggregates 17.9 per cent of the food of the year. This is less than 

that eaten by the crow (21 per cent) or by the crow blackbird (35 per 

eent). In January the amount consumed reached nearly 56 per cent. 
Iti is perhaps fair to add, however, that about one-third of the stom- 

achs taken in that month were from birds shot at a corncrib when the 

ground was covered with 3 feet of snow, and do not fairly represent 

the food of the month. Corn was also found in considerable quan- 

tities in February, April, May, and September. 

. Fie. 42.—Diagram showing the relative amounts of grain and mast eaten by the blue jay in each 

month of the year. 

Under the term “mast” are grouped large seeds of trees and shrubs, 

such as acorns, chestnuts, beechnuts, and others less conspicuous to 

the ordinary observer. Unlike corn, it formed a remarkably constant 

element, and aggregated more than 42 per cent of the whole food of the 

year. It was found in 168 stomachs, and varied from one-fourth to 

three-fourths of the total food in every month except July and August. 

The fact that it is eaten, not only in the late fall, winter, and early 

spring, when other food may be hard to obtain, but also throughout 

late spring, summer, and early fall, when fruit, grain, and insects are 

abundant, would seem to show that it is preferred. The consumption 

of mast exceeds that of corn in every month except January, April, 

July, and August; but only a small amount of either is eaten in these 

last two months. The test as to whether corn is preferred to mast 
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would seem to be furnished by the record in October and November. 

It must be admitted that throughout most parts of the blue jay’s range 

both corn and mast are equally accessible during these two months. 

The cornfields are ripe for the harvest, and lie open and unprotected, 
where the birds can gather their fill without let or hindrance. The 

forests also furnish an incalculable quantity of acorns, chestnuts, chin- 

quapins, and beechnuts, while the hedges and river banks teem with 

hazelnuts, and there seems no reason why the jays should not eat the 
food that they like. An examination of the stomachs will indicate 

best what they have actually eaten (fig. 42). Seventy-two stomachs 
taken in October show an average of over 64 per cent of mast, and 

eleven collected in November nearly 82 per cent, while the corn in each 

month aggregates only 1.1 and 0.9 per cent, respectively. It seems 

scarcely possible to draw any other conclusion than that the blue jays 

prefer mast to corn, or indeed to any other vegetable food, for they eat 

the greatest amount at a time when fruit, grain, and other things are 

most abundant. The record for December shows that the taste for 

mast, far from being satisfied, has rather increased, and attains its 

maximum of almost 83 per cent; while only 10 per cent of corn has 

been taken instead of several other seeds and fruits which were eaten 

earlier in the season. It was the custom of the writer, at his home in 

Massachusetts, to bait the blue jays in winter with chaff and corn in the 

manner already mentioned, and he observed that the birds patronized 

these feeding places only so long as the ground was completely covered 

with snow. No sooner did any considerable area of bare surface ap- 

pear than the corn was discarded and no more birds were seen on the 

chaff until the earth was again covered with snow. The natural infer- 

ence was that the jays found something on the bare ground, presumably 

mast, which they preferred to corn. It is possible that this fondness 

for mast may affect the distribution of certain trees to some extent. 

A jay flying with a nut in its beak may drop it in mid-air or carry it 

away and perhaps store it for future use. Acorns and other nuts may ° 

be distributed in this way, and it is probable that many isolated oaks 

and chestnuts owe their origin to accidents of this kind. 

Jays show considerable taste in the choice of fruit. Apples were 

eaten only during January, February, and March, and consequently 

were merely frozen fruit left on the trees to decay, which should per- 

haps be reckoned as refuse rather than food. In the month of March 

the consumption is greatest, amounting to more than 32 per cent. 

Fresh fruit is eaten to a slight extent in May, but the quantity 

increases rapidly in June, and attains more than 39 per cent in July, 

and then gradually diminishes until it disappears entirely after 

October. The jay is often included with other birds in the charge of 

habitual stealing of cultivated fruit. Discarding apples which have 

no value, only four kinds of fruit are eaten which may be cultivated, 

namely, strawberries, currants, blackberries, and mulberries. No 
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cultivated cherries or grapes were found. Strawberries were found in 

three stomachs, currants in seven, blackberries in twenty-two, and 

mulberries in five. This certainly does not show great depredations 

upon fruit, even supposing that all the fruit was cultivated; but it is 

probable, especially in the case of blackberries, that much of it was 

wild. 
Other vegetable substances were not eaten extensively, but appear 

to have been taken merely in default of something better. Itis worthy 

of notice that the sumac seeds eaten are those of the harmless staghorn 

(Rhus hirta) and smooth sumac (Rhus glabra). Jays do not eat the 

seeds of poison ivy (Rhus radicans) or poison sumac (Rhus vernix), and 

in this respect differ greatly from the crow, the crow blackbird, and 

some of the woodpeckers. These last, and probably many other birds, 
feed largely upon sumae seeds during the winter, and thereby help to 
disseminate these disagreeable and harmful shrubs. It seems a 

little singular that a bird so fond of hard seeds as the jay should not 

avail itself of this food, which is always accessible in the colder 

months, but it is fortunate that it does not eat the seeds of the poison- 

ous species. Remains of galls which grow on oak leaves were found 

in twelve stomachs, and possibly were eaten for the sake of the larve 

which they contained. Fragments of mushrooms were identified in 

seven stomachs, mostly taken in April and October. 

EXPERIMENTS ON A BLUE JAY IN CAPTIVITY. 

The examination of stomach contents was supplemented by experi- 

ments on a bird which had been in captivity but a few months and 

had no acquired tastes. In eating, this jay held its food on the perch 

usually with the right foot, but sometimes with both feet, and pro- 

ceeded to tear it to pieces and devour it; hard substances, like kernels 

of corn and acorns, were repeatedly hammered with the beak after the 

manner of a woodpecker. It would eat dead mice to a certain extent, 

but did not appear to be extravagantly fond of them; it seldom or 

never ate a whole one,and seemed to prefer the brains to any other 

part. <A live mouse was placed in the cage, but remained unmolested 

for two days. The jay was kept supplied with mocking-bird food, of 

which it ate freely, so that it was not hungry, and therefore selected 

only such other food as was appetizing. It ate most insects and pre- 

ferred them to vegetable food. Its preferences were not strongly 

marked, although grasshoppers seemed to be the favorite insects, and 

black crickets were refused. Among beetles, Scarabeeids were rather 
preferred to Carabids or Tenebrionids, but all were eaten. Chrysome- 
lids were generally rejected, and the potato beetle (Doryphora 10- 

lineata) was always refused; the same was true of the elm leaf-beetle 

(Galerucella luteola), but one 12-spotted cucumber beetle (Diabrotica 
12-punctata) was eaten. Click beetles (Elaterids and Tenebrionids) 

were apparently preferred to the long-horn beetles (Cerambycids), 



206 YEARBOOK OF THE U. S. DEPARTMENT OF AGRICULTURE. 

On one occasion a basin of water was placed in the cage conitain- 

ing several Carabids (Harpalus caliginosus and H. pennsylvanicus), 
one Cerambycid (Typocerus sinuatus), one potato beetle (Doryphora 
10-lineata), another Chrysomelid (Chrysochrus auratus), one black 

ericket, one large hairy caterpillar, and a large milleped (Jzulus). 
The milleped was taken first, the Carabids next, and finally all the 

insects were eaten except the Chrysomelids and the erieket. 

Very large hard beetles, like Alaus oculatus, Hydrophilus triangu- 

laris, and Passalus cornutus, were not often touched, but in default of 

other insects were torn to pieces and the soft parts separated from the 

harder portions. Stink bugs (Pentatomids) seemed to be relished, but 
hairy eaterpillars were only taken after most of the hair had been 

beaten off. Coeoons of a tussock moth were torn open to get the 

pupe, and the large green warty caterpillars of the Ailanthus moth 

were eaten, but with no great relish. In several cases spiders were 

selected in preference to insects. Myriapods and earthworms were 

eaten less readily than sow bugs (Onisevs). 
The bird would eat corn and sprouted acorns, but did not seem to 

eare much forthem. It ate apples, blackberries, and blaek raspber- 

ries, but rejected red raspberries, strawberries, mulberries, and elder- 

berries; it swallowed the pulp of grapes only after removing the skin 

and seeds, and also ate a little peach pulp, but without great relish. 

SUMMARY. 

The most striking point in the study of the food of the blue jay is 
the discrepancy between the testimony of field observers concerning 

the bird’s nest-robbing proelivities and the results of stomach exami- 

nations. The accusations of eating eggs and young birds are certainly 

not sustained, and it is futile to attempt to reconcile the conflicting 

statements on this point, which must be left until more accurate obser- 

vations have been made. In destroying insects the jay undoubtedly 

does much good. Most of the predaceous beetles which it eats do not 

feed on other insects to any great extent. On the other hand, it de- 

stroys some grasshoppers and caterpillars and many noxious beetles, 

such as Searabzids, click beetles (Elaterids), weevils (Curculionids), 
Buprestids, Chrysomelids, and Tenebrionids. The blue jay gathers 

its fruit from nature’s orchard and vineyard, not from man’s; corn 

is the only vegetable food for which the farmer suffers any loss, and 

here the damage is small. Im fact, the examination of nearly 300 

stomachs shows that the blue jay certainly does far more good than 

harm. 



SEED PRODUCTION AND SEED SAVING. 

By A. J. PIETERS, 

Assistant Botanist, U. S. Department of Agriculture. 

GENERAL REMARKS. 

Man. has so changed the form, habits, and properties of cultivated 

plants that in many instances their wild progenitors are unknown. 

But he has gone farther than this. By careful cultivation and selec- 

tion he has so altered the nature of many cultivated plants that they 

exist no longer primarily for the perpetuation of the species, but for 

the good of man. The abnormally developed flowers, the succulent 

roots, the seedless fruits of our fields, gardens, and orchards, would 

not only be useless to a wild plant, but would be a positive hindrance 

to it in the struggle for existence. All the energies of the wild plant 

are bent to the production of seed. Annuals and biennials vegetate 

one or two seasons, produce seed, and die, while the longer-lived 

woody plants grow to maturity and year after year produce enormous 

numbers of seeds in order that a few may grow and perpetuate the 

species. 
But the value of the seed lies not solely in the reproduction of its 

kind. There are many species, especially among cultivated plants, 

that are produced year after year without the agency of seed. A great 

part of the value of the seed lies in the fact that it is the product of a 

sexual union. Darwin and others have shown that the union of dif- 

ferent individuals is advantageous to the species, and this union can 

occur only through the agency of the flower, and the effects of it can be 

propagated only by the seed. The union of different plants produces 

a progeny with greater tendency to variation than is possessed by 

the product of inbreeding. Among wild plants these variations ena- 

ble a species to adapt itself to new conditions, thus extending its 

range and increasing its chances of living; in cultivated plants they 

form the basis upon which the plant breeder works for the improve- 

ment of old and the development of new varieties. 

Moreover, nearly all our field and garden crops are propagated by 

seed, and the production of good seed is as essential to continued suc- 

cess in agriculture as good soil or careful cultivation. The production 

of seed therefore becomes at once a matter of the first importance as 

well to the originator of new varieties as to him who aims to keep 

some standard variety true and of the best quality. 
207 
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HOW PLANTS PRODUCE SEED. 

That the steps in the production of seed may be clearly understood, 

a brief description will be given of the parts of a flower and the 

growth of the seed both before and after fertilization. All seeds are 

produced by flowers. The flower usually contains two sets of organs, 

the sexual and the enveloping. Sometimes the latter are partially or 

whoily wanting, but the sexual organs—that is, the stamens and pis- 

tils—must be present either in the same or in different flowers in order 

that the plant may be fruitful. 

The envelopes usually consist of two whorls of floral leaves, the outer 

or calyx (fig. 43, a), commonly green and more leafy than the inner 

whorl or corolla (fig. 43, b), which is often highly colored and of delicate 

texture. One or both of these whorls are found in nearly al! flowers, 

and serve the double purpose of protecting the stamens and pistils 
while in the bud and, after opening, of attracting insects by their 

bright colors. 

Frequently there is only one whorl, which is always the calyx; or 

both whorls may be absent, in which case the flower is said to be 

naked. The floral leaves forming the calyx are called sepals; those 

of the corolla are petals. The pistil or pistils, the female organs, 

occupy the center of the flower (fig. 43, c; fig. 44,¢). They are com- 

monly less numerous than the stamens, although this is often due to 

the union of several pistils into one, forming a compound pistil. 

The pistil consists of the ovary at the base, the style, and the stigma at 

the end of the style (fig. 44, e,f,g). Thestigma is the receptive surface 

on which the pollen falls, and is connected with the ovary by the style. 

In some flowers the style is suppressed or very short, while in others, 

as Indian corn, it is long and silky. The stamens, or male organs, are 

located between the pistil and the envelopes (fig. 43, d; fig. 44, d). 
They vary in number, but are commonly as numerous or twice as 

numerous as the sepals or petals. By suppression or multiplication 

these limits are frequently exceeded, and different species possess from 

one to an indefinite number of stamens. A stamen consists of a stalk, 

or filament, andananther. The anther, which is commonly two-lobed, 

produces the pollen, the fertilizing element. The mass of pollen, as 

seen in an anther, consists of a countless number of pollen grains. 

These may be dry and dust-like, each grain being distinct from every 

other, or the grains may be sticky and adhere to each other in small, 

irregular, or sometimes regular, masses. When ripe, the anther opens 

and the pollen is exposed, to be carried away either by the wind or by 

insects and other animals. 

In the majority of plants both sexes are present in the same flower. 

In a small number they are in different flowers, either on the same 

plant or on different plants. In the latter case the plants bearing 

only male flowers never produce fruit. For the production of seeds — 
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a union of both sexes is necessary. This takes place when the pollen 
grains are deposited on the stigma of the pistil, and grow out into tubes 

which traverse the style and fertilize the ovules in the ovary (fig. 45). 
The ovule, the future seed, begins as an outgrowth within a cell of 

the ovary. As it grows, one or two coats are developed aboutit. The 

coats donot entirely surround the ovule, but leave a narrow openin g, the 

foramen or micropyle, at one end. Through this opening the pollen 

tube finds its way to the embryo-sac of the ovule. 

After the union of one of the nuclei of the em- 

bryo-sae with that of the pollen tube the embryo 

begins toform. This is the future plantlet, and 

is the indispensable portion of every good seed. 

After fertilization the ovary rapidly develops 

into the fruit (fig. 46). Often the calyxorsome yi4 43 Tomato flower 
other part of the flower adjacent to the ovary — (Lycopersicum esculen- 
becomes united to the latter and forms a portion — ["): & calyx; 0, corolla; 

k , pistil; dj stamens. The 

of the fruit. Inthe seed the important changes anthers are united about 

are the growth of the embryo and of the endo- the pistil._ (See fig. #4.) 
sperm, when present. The endosperm contains the food supply for 

the young plant. It is either absorbed by the growing embryo before 

the seed is ripe or remains as a distinct mass of reserve material out- 

side of the embryo. In the latter case the seed is called albuminous; 

in the former, exalbuminous. In either case there is a supply of 

reserve material, consisting usually of starch, oil, or proteid, for the use 

of theembryo after germination. In 

exalbuminous seeds the reserve ma- 

terials are stored in the cotyledons of 

the embryo, which often become very 

large and fill the seed, asin beans and 

peas (fig. 47). In albuminous seeds 
the embryo never entirely fills the 

seed, and it may be very small. 

Sometimes it is without differentia- 
tion of parts. In corn and wheat it 

oe lies outside of the albumen, which 

Bt a eval, , Set ndade 2 sta. forms the bulk of the seed. The em- 
mens; ¢, stigma; f, style; g, ovary. bryo and albumen are surrounded 

by a seed coat, which protects the delicate parts within, and in some 

seeds serves a useful purpose in germination (fig. 47, a). 
Three parts are readily distinguished in most embryos, viz, radicle, 

cotyledons, and plumule (fig. 47, b, c,d). The radicle becomes the 

primary root; the cotyledons or seed leaves either contain the reserve 

materials of the seed within themselves or they absorb the albumen 

after germination; the plumule becomes the stem of the plant. 

CROSS AND SELF FERTILIZATION. 

The matter of fertilization underlies the whole subject of seed pro- 

duction, for on the fertilization of the seed depends the purity as 

12 AG 14 
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well as the vigor of a variety. A flower is cross fertilized when its 

ovules are impregnated by the pollen of another flower; self-fertilized 

when they are impregnated by pollen from its own stamens. 

The adaptations for cross fertilization are too numerous to be de- 

scribed in detail. Two great external agencies are concerned in the 

work, the wind and insects. The colors, 

odors, and irregular shapes of flowers and 

the secretion of honey are correlated with 

cross fertilization by insects. Insects visit 
flowers for the sweets they 

find, and are undoubtedly 

attracted by color and odor. 

While collecting the honey, 

insects are dusted with pol- 
Fic. 45.—Section of a portion of : : 

the stigma of cucumber (Cucu- len, which, passing to other 

missativus).showingagerminat- flowers, they deposit on their 
ing pollen grain: a, pollen grain ~ > i 

and tube; b, portion of pollen Stigmas. Many flowers are 
tube cut off in the tissue of the go arranged that only bees 

stigma. - 
and insects large enough to 

pollinate the flower can obtain the honey. This end is 

secured by the irregularity of the flower and in various 

other ways. Either the lips of the flower are so firmly 

closed that only a large insect can force them apart, or 

the throat is filled with hairs which effectually exclude 

unwelcome guests, or the honey is at the bottom of a 

long tube to which only the proboscis of a large moth 

or bee can reach. 

The arrangements by which cross pollination is se- 

cured are principally of three 

kinds: (1) There may be some 

peculiarity in the structure of 16. 46—Pod of 
the common 

the flower that favors cross pol- jean (Phaseo- 

lination and almost or quite pre- = /“s_ vulgaris). 
: ~ ‘ This is the rip- 

vents self:pollination; (2) the  onea pistil. 

sexes may be in different flow- The figure 
; gnats shows the 

ers; (3) the anthers and pistils — gccas in posi- 

of the same flower may mature — tion in the 
ovary. 

Fic. 47.—Seed of the bean 

(Phaseolus vulgaris). A 

dicotyledonous seed; one at different times. 
cotyledon removed to show yi sala Sipe . 
tig Shee le @, shor etat. The peculiarities of structure are numerous 

b, cotyledon; ¢,plumule;d, and varied. A common type is found in the 

radicle; ¢, sear left by the fAower of the pea family; for instance, in that 
removal of the other coty- : Prt 
ledon. of red clover (Trifolium pratense). The flow- 

ers are visited by the bumblebee, whose long 

proboscis can reach down into the tube, at the bottom of which the 

honey is secreted (fig. 48). Smaller bees can not secure the honey, 

but they collect pollen and doubtless aid in fertilization while so 
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doing. The stigma stands out above the anthers, and a bee, thrusting 

his head into a flower, would first brush against the stigma, leaving 

some pollen from a flower previously 

visited, and then dust itself afresh with 
pollen, to be carried in turn to the next 

flower (fig. 48). Some farm operations 

depend upon these insect visits. Where 

mammoth clover is grown for seed, it is 

pastured or clipped in the early part of 

the season. Thisis done that the plants 

may not bloom before ‘‘ bee time,” for if 

they did there would be no seed. Bum- 

blebees had to be imported into Australia 

before red-clover seed could be raised 5, 43 Bumblebee pollinating red 

there. Itis said that when inseets are clover. The bee is withdrawing its 
: head from the flower where it has 

excluded not one-tenth of the flowersare  jeceived the pollen atc: a, stamens 
fertile. and pistil of the flower; b, proboscis 

In the cabbage family arrangements °° ?°* 
are such that self-fertilization can take place if cross fertilization fails. 

In cabbage (Brassica oleracea) the honey is secreted at the bottom of 
the corolla tube. An insect sucking 

the honey would touch the stigma 

and the anther of one of the short 

stamens. At the next flower the pol- 

len thus collected would most likely 

be deposited on the stigma. Incase 

ov" cross fertilization fails, the long sta- 
Fia. 49.—Male flower of cucumber (Cucumis ; 

sativus). One petal cutaway toshowthe mens bend over and pollinate tne 

stamens: a, sepals; b, petals; c, stamens. stigma. That cross fertilization fre- 

quently occurs is proved, however, by the 

difficulty of keeping the varieties of cab- 

bage, turnips, or other cruciferous vegeta- 

bles from mixing. 

The case in which cross fertilization is 

insured by having the sexes in different flow- 

ers is represented among our garden veg- 

etables by the cucurbits. In pumpkins, 

squashes, cucumbers, and melons the male 
flowers appear first, followed by the female 

(figs. 49and 50). Here eross fertilization is 

inevitable, and mixing invariably occurs ¥14-50.—Female flower of cucum- 
en rae ber (Cucumis sativus). One petal 

when several varieties of a species are cutaway toshow thestigma: a, 

grown near one another. sepal; b, petal; c, pistil; d, stig 
ma; e, style; f, ovary. 

The wind-fertilized flowers are repre- 
sented among our common economic plants by the grasses and Indian 

corn. In these the flowers are simple, without odor, nectar, or con- 

spicuous color, thus presenting no attraction to insects. The anthers 
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are borne on long, delicate filaments, which enable them to shake out 

their light and dry pollen with every breath of wind. Everyone has 

noticed how the pollen falls in showers from the tassels of Indian corn 

Flowers in which the anthers mature before the pistil are common 

among our ornamental plants, the gentians, campanulas, and Clero- 

dendron being conspicuous examples. In the plantains, which are 

among our greatest weed pests, the pistils mature before the anthers. 

In these the order of blossoming is from the base of the spike up, and 

in young spikes the stages of flowering can be traced on one spike; the 

younger flowers at the apex showing only pistils, the middle flowers 

old pistils and young anthers, the lower ones withered pistils and ripe 

anthers. 

Cross fertilization may take place between flowers on the same plant 

or between flowers on different plants. In the latter case two distinet 

individuals enter into the union. They bring to this union those dif- 

ferences of constitution and habit which always exist between indi- 

viduals, emphasized, perhaps, by differences in the conditions under 

which their ancestors have lived for one or more generations. In self- 

fertilization, on the other hand, there is the closest possible inbreeding. 

The conditions under which the sexual organs have matured are the 

same; they will therefore differ but little in their constitution. It 

would seem reasonable that seed produced by crossing different plants 

should give rise to progeny more vigorous and productive than that 

resulting from self-fertilization. 

Darwin! proved by a long series of experiments that cross fertiliza- 

tion is beneficial, and that continued self-fertilization is injurious to 

the species. He crystallized his conclusions in the famous dictum, 

‘*Nature abhors perpetual self-fertilization.” 

In the course of his experiments, Darwin used many species from 

widely different orders, and in most cases several experiments were 

conducted with the same species. Many of the plants were grown for 

more than one generation from seeds produced by hand-pollinated 

flowers; in one ease, that of the morning-glory (Jpomea purpurea), for 

ten generations. Darwin found that, as a rule, the plants raised from 

seeds produced by cross fertilization exceeded in height, weight, and 

fertility those raised from seeds produced by self-fertilization. The 

same results were obtained by Bailey” in growing eggplants on a large 

scale. The cross-bred plants ‘‘were characterized throughout the 

season by great sturdiness and vigor of growth. They grew more 

erect and taller than other plants near by grown from commercial 

seed. They were the finest plants I had ever seen.” The following 

summer 2,500 plants were grown from seed taken from this patch, and of 

these he says: ‘‘Again the plants were remarkably robust and healthy, 

with fine foliage, and they grew erect and tall—an indication of vigor.” 

1 The Effects of Cross and Self Fertilization in the Vegetable Kingdom. 

> L.-H. Bailey, Plant Breeding. 
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The degree of relationship of the plants used in the cross has much 

to do with the benefit derived. Crosses between plants grown for 

generations under the same conditions tend to approximate the results 

of self-fertilization. But the introduction of fresh stock—that is, of 

plants grown under other conditions of soil, moisture, climate, or care— 

puts new vigor into the cross. In Darwin’s experiments plants of 

morning-glory that had been intercrossed for nine generations were 

erossed with fresh stock and compared with plants intercrossed for 

ten generations. They exceeded the latter in height as 100 exceeds 78. 

Cabbages were compared by weight, and the plants resulting from a 

cross with fresh stock upon the second intererossed generation were 

to the third intercrossed generation as 100 to 22. More examples 

might be given, but these are enough to show the immense advantage 

of introducing fresh stock. 

As has already been said, the purity as wellas the vigor of a variety 

depends upon the fertilization of the seed. While cross fertilization 

has been clearly shown to be productive of more vigorous plants and 

therefore a benefit so far as the life of the species is concerned, there 

are other matters of vital importance to the farmer. The first of 

these is the purity of the variety. The seed must be genuine, that is, 

it must reproduce the variety from which it purports to come. No 

matter how well the seed germinates nor how vigorous the plants, if 

they are not of the variety wanted the crop is at best a partial failure. 

While crossing between plants of the same variety is beneficial, the 

more so if their ancestors were not grown under the same conditions, 

crossing between varieties of a species should, as a rule, be guarded 

against. Intelligent crossing of varieties, or of species even, may lead 

to good results, but indiscriminate crossing can only result in the loss 

of well-established types. 

The yarieties of most of our common garden plants cross readily. 

The great pea and bean growers are careful not to grow two varieties 

of either near each other. Some insist upon but one variety being 

grown on the same farm, while others pérmit more than one on a farm, 

but specify the distance they shall stand apart, from 10 to 40 rods 

being usually required. 

In the cabbage family, to which many of our vegetables belong, 
cross fertilization is not uncommon. The varieties of cabbage, kale, 

cauliflower, brussels sprouts, and kohl-rabi all belong to one species 
(Brassica oleracea) and cross freely. To raise any variety for seed, 
it must be grown in large patches, away from any variety with which 
it will cross. Where only a few plants produce seed, there is every 
chance that bees may bring pollen of another rariety and the plants 
raised from that seed not be true to name. The varieties of corn 
cross readily and can not be grown near each other without danger of 
mixing. This may occur even when the varieties are considerable 
distances apart. We learn from a seedsman of high standing that in 
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his experience corn in one field has become mixed with that in another 

6 miles distant. In his opinion crows that fed on both fields carried 

the pollen. Frequently the effects of the cross are visible the same 

season in colored grains. When this occurs, the mixing is easily 

detected and the corn can be discarded, but often there is no such 

indication, and a mongrel variety the following summer is the first 

indication the farmer has that his seed corn was not genuine. 

Pumpkins, squashes, melons, and cucumbers are fertilized by in- 

sects, and when different varieties of the same species are grown 

near each other pure seed is out of the question. Even when the yari- 

eties are grown some distance apart there is still danger of mixing. 

A seedsman states that he has known watermelons to cross when grown 

amile apart. Bees carry pollen long distances, and in flying from one 

field to another are likely to leave foreign pollen on the stigmas of the 

flowers they visit. Experience has shown that.tomatoes will cross in 

the field. Six varieties were grown on the Cornell Experimental 

Grounds,' and from the seed saved eighty-seven plants were grown, 

six of which were evidently crosses. It is evident, then, that garden 

seeds grown on a small scale are extremely likely to mix when two or 

more varieties of the same plant are grown together. 

HOME GROWING OF SEED. 

In former years home seed saving was extensively practiced. 

Nearly all market gardeners and those who supplied their own tables 

saved the seed of their best plants. The seed business was then 

but little developed, and dealers were not so well prepared to supply 

the demands of an exacting public. But even as early as 1796 

Marshall, in his book on gardening, advised against saving seed at 

home and urged that those whose business it was to grow seed could 

do so more cheaply than it could be done at home. Other writers on 

horticultural matters took different views, some even advising the 

gardener to save seed of all the varieties he raised. 

The objections to growing one’s own seed are in general that it 

can not be as well done, or, if as well, not as cheaply, by the general 

farmer or gardener as by the professional seedsman. These objections 

have greater force to-day than they had in the time of Marshall. 

Reliable dealers and growers have accumulated such a wealth of 

experience and exercise such care that although nongenuine seed may 

sometimes be sold by an honest firm it is done through ignorance 

rather than intent, and is an exceptional occurrence. 

Home seed saving is most likely to be profitable upon the farm 

where plenty of land is available. When space is limited, it is too 

valuable to be used for home seed raising unless the grower has some 

choice strain which he fears can not be obtained pure from seedsmen. 

Where land is plenty and the additional labor is the only outlay, home 

1 Bulletin No. 32, Cornell University Station. 
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seed saving may be successfully practiced. With proper care most 

garden and flower seeds can be saved, as well as field seeds and pota- 

toes. The danger to be avoided in seed raising comes principally 

under two heads—mixing of varieties and deterioration. 

HOW SUCCESSFULLY CONDUCTED. 

If more than one variety of a species is grown on the same farm it 

will be difficult to keep them pure. The difficulty may be overcome 

in a measure by separating the plants grown from seed as far as pos- 

sible. But, as is shown elsewhere, natural crossing can not always 

be avoided within the limits of a farm. A more certain method is to 

grow seed of but one variety in any year. By grdwing them in rota- 

tion two or three related varieties may be maintained on one farm 

without mixing. 

As a rule, seed more than one year old will not have as good ger- 
minating power as fresh seed, but with proper care in harvesting and 

storing most seeds will retain a sufficient vitality to be used after two 

or three years. It is, however, not advisable to use old seed, except 

when necessary. In most cases one variety of a kind will be sufficient 

for the ordinary kitchen garden, and where this is true the multipli- 

cation of varieties should be avoided. 

Deterioration of varieties can be prevented by constant care in 

selecting the seed-bearing plants. Only the best plants should be 

selected, and these should be raised for seed only. Too much stress 

ean not be placed upon the folly of leaving some of the poorest plants 

for seed because they can not be used for anything else. 

Seed peas and beans should be saved from the best plants, selected 

for the purpose, and not from those from which a crop has been gath- 

ered. Radishes, turnips, and beets that are not good enough for table 

use are also unfit for producing seed. Cabbage seed grown from the 

stump after the head has been marketed is certain to be inferior and 

to give poorer plants the next season than seed saved from the sound- 

est and best heads. 

In selecting the plants the grower will of course be guided by the 

purpose in view. If he wishes early peas, he will select the plants 

that yield the earliest pods; if a sound head of cabbage is wanted 

rather than earliness, plants having this quality best developed will 

be selected for seed. In every case plants showing the desired quali- 

ties to greatest perfection should be set apart. In this way a variety 
will not only be kept up, but may even be improved. Seedsmen main- 
tain the type of a variety by a rigid ‘‘rogueing” of their fields, that 

is, destroying all plants not conforming to the type. Some varieties 

would “run out” in a few years if this were not practiced. 

Another source of deterioration is inbreeding. Where the same 

stock is raised year after year on the same place, it is almost sure to 

suffer a loss of vigor if not of quality. Usually this may be remedied 
by the occasional introduction of fresh stock. Even if the seed was 
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grown on a neighboring farm, the conditions would be slightly differ- 

ent and the plants would be of different ancestry. The plants from 

this seed grown beside those from the home stock would cross with 

the latter, and the result would be increased vigor and productiveness 

without any injury to the variety. 

Only second in importance to the selection of the plants is the selec- 

tion of the seed itself. Not all the seed even of a good plant should 

be used for reproduction. Of the seeds gathered from prime plants 

some will be better than others. Only the largest, plumpest seeds 

should be preserved. It is true that large seeds from poor plants may 

be worse than small seeds from good plants, but the best is never too 

good. By saving only the largest seeds from the most nearly typical 

plants the stock can not fail to be improved year after year. Too much 

emphasis can not be placed upon this matter of selection. The selee- 

tion of the best seed from typical plants is as essential to continued 

suecess in agriculture as are good soil and careful cultivation. 

If a farmer is unwilling to exercise care in the production of seed, 

he would do much better not to attempt it. It takes years to build 

up a good variety, but a few seasons of carelessness in saving seed 

will suffice to destroy it. If he will not or can not exercise care in 

selection and in preventing undesirable crosses, the farmer would do 

much better to purchase seed each year. He may occasionally get a 

poor lot of seed, but if he buys from reliable dealers success will be 

far more frequent than failure. 

HARVESTING AND. STORING. 

Seed should be allowed to ripen on the plant when possible, but 

must be gathered before the pods burst. Where there are but a few 

pods, they can of course be picked by hand when the seeds are fully 

matured. Seedsmen find it necessary to harvest the crop a little 

before full maturity, in order to prevent loss of seed. Melon and 

other wet seeds should be carefully spread. out to dry, after which 

they can be safely kept for several years. When the seed on a plant 

ripens unevenly, the stalk may be cut and set away in a dry shady 

place to mature. The immature seeds, if not too young, will ripen 

and be of good quality. 

When the seeds have been cleaned, they should be kept in a dry 

plaee. Seeds can safely endure natural extremes of heat and cold 

if kept dry. The way seeds are stored materially affects the length 

of time they will remain good. Seeds carefully grown, selected, and 

stored will repay all the attention bestowed upon them. A good 

farmer gives constant attention to selection and care in his treat- 

ment of live stock, corn, wheat, and potatoes, but too few give to 

their vegetable gardens the attention that they deserve. Greater 

care in selecting or purchasing seed would go far toward improving 

the condition of the farm garden and making it provide an unfailing 

supply of choice vegetables for the home table. 
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INSECT CONTROL IN CALIFORNTA. 

By C. L. MARLATT, 

First Assistant Entomologist, U.S. Department of Agriculture. 

GENERAL REMARKS. 

The semitropical climate and other favoring conditions of much of 

California have made this region the great fruit center of America. 

Serious drawbacks to horticulture, however, have not been entirely 

wanting, and, in fact, the very conditions which make the growth of 

a great variety of fruits possible prove most favorable also for the 

presence and multiplication of many grievous insect enemies. These 

were early introduced on plants received from all quarters of the 

world, and the problem of insect control had, therefore, to be 

promptly met. It was taken hold of with such intelligence and vigor 

both by individuals and by the State authorities, and the outcome has 

been so successful, that the present system of control in California 

furnishes one of the best practical guides for similar efforts elsewhere. 

The following paragraphs summarize impressions gained during a 

four weeks’ study, in October and November, 1896, of horticultural 

entomology in California, particular attention being given to the scale 

insects of citrus and other fruits, and the results of the importation 

from Australia and New Zealand of certain parasites and predaceous 

enemies of these seale insects. 

CULTURAL AND CLIMATIC CONDITIONS. 

The visitor from the East is first impressed with the distinetive eul- 

tural conditions in California and the important bearing these have 

on insect control. The necessity of irrigation for almost all fruits, 

including all citrus trees, limits cultivation to comparatively well- 

defined tracts and greatly facilitates the thorough inspection of 

orchards. The greater value of the products makes possible also a 

much greater annual outlay in care of land and expenditures for the 

proper maintenance of healthy conditions of trees and measures look- 

ing to the prevention of inroads of injurious insects. The growing of 

fruits is commonly also the only industry of importance, and there- 

fore there is no division of interests. All this contrasts markedly 

with the conditions obtaining in the East, where fruits are grown by 

nearly every farmer and usually as a mere accessory to the regular 

farm crops, under such conditions as to make it often impracticable 
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to undertake expensive remedial measures, and over such wide areas 

and often in such out-of-the-way places that inspection and control 

are rendered almost impossible, at least with the thoroughness and 

care practiced on the Pacific Coast. 

Other influences which have an important bearing on the relation 

of insects to fruits in California are the climatic conditions, particu- 

larly the summer heat and the long summer drought. Heat is a most 

important factor, and it has been repeatedly demonstrated that where 

the temperature remains, asit often does, at 106° F., or above, for two 

or three days at least two-thirds of the black scale are killed. As an 

illustration of this, it may be stated that during the summer of 1896, 

when the drought was unusually severe and the temperature corre- 

spondingly excessive, it was the experience at Riverside that at least 

90 per cent of the black scale was destroyed by heat, including even 

eggs beneath the parent scales. The benefit from this source obtains 

in greater or less degree in the case of all the important scale insects 

of both citrus and deciduous trees, and is a means of protection which 

is rarely, if ever, experienced in cooler or moister climates; in fact, it 

does not hold in northern California, where the rainfall is greater and 

the summer temperature less severe. The destruction of scale insects 

from this cause may be facilitated by the system of pruning which 

opens up the tree by the removal of interior growth, and such pruning 

is practiced and recommended by many growers in southern California. 

When considered, however, in connection with the imported lady- 

bird enemies of scale insects, which will be later discussed, the dry 

heat and pruning are both inimical. These introduced parasites need 

a certain amount of moisture for successful multiplication, hence their 

usefulness is most marked in the moister coast region, and advocates 

of reliance on parasites discourage pruning, since a dense interior of 

citrus and other trees furnishes the needed shade and moisture, and 

also protects from bird and other enemies. The need of such protec- 

tion is illustrated about San Francisco and northward, where the 

imported ladybirds are less successful on account of lack of shelter 

afforded by deciduous trees, particularly in winter. 

SYSTEM OF INSPECTION AND QUARANTINING. 

Perhaps the most important element in the management of injuri- 

ous insects in California is the present system of official inspection 

and control, which is the outgrowth of many earlier experiments in 

this direction. Without going into details or alluding to the very 

important supervisory work of the State board of horticulture, atten- 

tion will be drawn merely to the county system of inspection. Each 

county has or may have, on petition of fruit growers, county horti- 

cultural commissioners, who are practically official entomologists and 

have charge of all matters relating to injurious insects, both as to 

quarantining against their introduction on plants and their eradication. 

— 
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These commissioners either do their own inspecting or are empow- 

ered to employ local inspectors, who may number from one to twenty- 

five or thirty, according to the number of districts into which the 

county may be divided. The local inspectors are supposed to be 

familiar with the common scale insects and experienced in the appli- 

eation of remedies, and they make, at sufficiently frequent intervals, 

what is practically a tree-to-tree inspection, and are empowered to 

enter all premises and enforce action. The result is that the presence 

of injurious scale or other insects is commonly detected at the very 

outset and remedial measures are promptly instituted. An entirely 

different state of affairs from what we are familiar with in the East 

is thus brought about. Instead of neglect until a serious stage is 

reached, perhaps beyond repair, the insect rarely gets a foothold and 

is stamped out before any real injury results. Work is therefore, in 

the main, not remedial, but preventive, and in going through the 

orchards of citrus or other fruits in California one is usually impressed 

with the almost complete freedom from injurious insects, and, from 

an Eastern standpoint, treatment of any sort would be often deemed 

entirely unnecessary. Here, however, if a few scale be discovered, 

the trees are promptly treated, often in an expensive way, the owners 

and all interested fully appreciating the fact that it is much better to 

prevent the increase of noxious insects at considerable cost, if neces- 

sary, while the plant is still in flourishing and vigorous condition 

‘ather than to wait until it is weakened and the possibility of its 

response to treatment is rendered doubtful. One witnesses, there- 

fore, fumigating or spraying operations where scarcely a seale is to 

be seen, and it is by this constant and minute inspection and prompt- 

ness in treatment that the excellent condition of the orchards is main- 

tained. Remedial work is often done under the supervision of experts 

detailed by the county commissioners and frequently under contract 

by persons who make a business of it, the charge being either so much 

per tree, as with treatment with gas, or so much per gallon, with 

washes. The conditions outlined apply with especial force to the 

citrus districts of southern California. 

In addition to this very careful supervision of existing plantings 

is the strict enforcement of quarantine regulations as a safeguard 

against the importation of new insect enemies to fruits. Very careful 

reguiations on this subject have been enacted, the latest dated August 
15, 1894. ‘These regulations prevent the debarkation at any point in 

the State of California of living plants or fruits until they have been 

vavefully inspected by quarantine officers, and, if necessary, properly 

fumigated. In the case of badly infested stock or wherever insects or 
diseases new to the State are found the material is destroyed out- 
right. The quarantine regulations apply to all material brought in 

from Central or South America or other foreign countries on steam 

or sailing vessels, the ships being visited by a quarantine officer at the 
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moment of their arrival in port, and also cover the introduction of 

plants from other States or adjacent countries on the lines of railroads 

entering California. The Southern Pacific Company and Wells, Fargo 

& Co. notify the State quarantine officer of the arrival of trees and 

plants at their different stations, and instruct their agents not to 

deliver the material to the consignees until it has been properly 

inspected. This inspection is carried on by a chief quarantine officer 

at San Francisco and by the local authorities in the different counties. 

The amount of infested material which is by this system intercepted 

from year to year is enormous, and shows how readily and constantly 

insect pests and plant diseases may be introduced with living plants 

where no preventive measures are taken. At the port of San Fran- 

cisco alone, during the year 1893, 156 steamers and sailing vessels 

from foreign countries had on their manifests, in possession either 

of the passengers or crew, plants or trees. This was out of a total 

of 400 vessels inspected. The great bulk of these plants came from 

Japan, but nearly all the transpacific countries were represented, as 

well as South and Central America and Mexico. Very many of these 

plants were infested with injurious insects already present in Cali- 

fornia, but frequently with species not hitherto known in the State. 

In connection with the inspection for insects, other dangers are also 

averted. No less than five flying foxes were intercepted on shipboard 

and killed. This bat, or vampire, is a great menace to fruit interests 

in Australia, and would have like dangers for California. 

THE WORST SCALE INSECTS OF CALIFORNIA. 

The most destructive insect enemies of fruits in California are un- 

doubtedly the seale insects, few if any other insects, aside from the 

grape Phylloxera, at all approaching them in this respect. Of these, 

the ones of greatest moment, and in the control of which vast sums 

of money are expended, are the black scale, the red scale, and the San 

Jose seale. For the olive and the citrus plants the black seale is the 

most important, and for the deciduous plants the San Jose seale takes 

similar rank. 

Of the three scale insects mentioned, the most serious pest at the 

present time in California is undoubtedly the black scale (Lecaniwm 

ole), which occurs practically all over the State, and, in fact, has a 

world-wide distribution. This insect is not only a heavy drain on the 

vigor of the trees, but exudes a great quantity of honey dew, in which 

a fungus propagates, creating a black stifling deposit which adheres 

closely to the twigs and leaves and discolors the fruit. This scale 

infests both citrus and deciduous trees, but is particularly injurious to 

the former and also to the olive. It is practically limited, so far as 

severe injuries from it result, to the moist coast regions. The moun- 

tain districts remote from the coast have hitherto seemed unfavorable 

to it, although it is now slowly extending its range into these districts 
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and is there becoming gradually acclimatized. The mature seale or 

the eggs beneath the old scale can not be killed with the gas treat- 

ment or any other practicable method so far discovered, and hence it 

must be proceeded against in its immature stages. In the lower por- 

tions of the State, from Los Angeles southward, the hatching of this 

seale, which is single brooded, is comparatively uniform and is usu- 

ally almost altogether completed by the end of October, when treat- 

ment either with gas or washes will be effective. In the coast district 

about Santa Barbara the period of hatching is much prolonged, 

extending from September well into November or December. At the 

time of the writer’s visit, early in November, scales in all conditions 

were found on trees at Santa Barbara, many with unhatched eggs, 

and about San Francisco hatching had hardly begun. Where such 

irregularity occurs, the difficulty and expense of treatment are greatly 

increased, on account of the necessity of repeating the applications 

several times. 

The red scale (Aspidiotus auranti2) is a distinctive enemy of citrus 

trees, and, in common with the black seale, is much more injurious 

near the coast, doing most damage in the old seedling orchards in the 

vicinity of Los Angeles. Still, in many of the best citrus districts, 

including Riverside, Redlands, Pomona, Ontario, etc., this scale is 

not at all bad and has never caused much loss, largely from the fact 

that treatment has always been instituted so promptly that the scale 

has never gained a real foothold. It seems, however, as with the 

black seale, to be slowly extending its range and adapting itself to 

the upland climate. In common with the San Jose scale, the red 

seale is subject at times to the attacks of a contagious disease or 

fungus, which affects both young and mature scales. This has been 

especially noticed in the district south of Los Angeles. 

The third important scale in California is the San Jose scale (Aspi- 

diotus perniciosus). This enemy of deciduous fruits, nearly all of 

which it attacks, is much less injurious now than in its earlier his- 

tory, especially in the Santa Clara Valley, which includes the San 

Jose district, and in southern California. The statements which have 

been made, however, that it is no longer injurious in California are 

quite erroneous. The conditions of climate, already referred to, 

sometimes kill it out, and often it seems to be destroyed by a fungous 

disease, but in the very districts where these influences are most 

active orchards neglected or improperly sprayed exhibit trees in as 

bad condition as can be found in any of the orchards of New Jersey 

or Maryland. The action of its two most active enemies, Chilo- 

corus bivulnerus and Aphelinus fuscipennis, breeding, as they do, 

the year round almost, is undoubtedly greater than in the East, where 

their usefulness is limited to but little more than half the year. The 

standard remedy for this scale in California, viz, the lime, salt, and 

sulphur wash, is undoubtedly thoroughly effective, and it is the 
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constant and thorough treatment with this wash that in the main 

keeps the orchards in their present satisfactory condition. 

Many other seale insects in California are important at times, but 

much less so than the three mentioned above. 

The white scale (IJcerya purchasi), which, before the introduction 

of its imported ladybird enemy (Vedalia cardinalis) (fig. 51), threat- 

ened the very existence of citrus cultures in California, is now no 

longer an important injurious insect. Very rarely are colonies of it 

found, and usually scattered specimens only can be seen. In southern 

California important scale insects new to the State have been recently 

introduced, such as the long seale (Mytilaspis gloverii) and the purple 
seale (JV. citricola). These serious enemies of citrus trees were intro- 

duced about 1889 or 1890 with two car loads of citrus trees from 

Florida, which were planted 

without inspection in the Rivera 

and San Diego Bay districts. 

With the same lot of trees came 

also the rust mite (Phytoptus 
oleivorus), which has gained a 
foothold in the important lemon 

districts about San Diego. In 

Florida this mite is not now con- 

sidered especially objectionable, 

rusty oranges often commanding 

better prices than bright ones, on 

account of their being sweeter 

and otherwise preferable. In the 

case of the lemon, however, an 

Pig eae corainats (te tnported ety, injury to the rind ig an impor 
larvee feeding on female scale; b, pupa,and ec, tant consideration, a perfect rind 

adult ladybird; d, orange twig showing scale eine absolutely essential to the 
and ladybird’s natural size (original). 

lemon on account of the valuable 

products obtained from this portion of the fruit and the uses to which 

it is put. Extended reference will not be made here to other impor- 

tant insects, such as the clover mite (Bryobia pratensis), locally 

known as the red spider; the peach-tree borer (Sannina pacifica); the 

peach-twig borer (Anarsia lineatella); the grape root-louse ( Phylloxera 

vastatrix), ete. 

THE IMPORTED PARASITIC AND PREDACEOUS ENEMIES OF SCALE 

INSECTS. 

In no country in the world has the possibility of control of insects 

by introducing and fostering their natural enemies been so thoroughly 

tested asin California. The very notable instance of the entire eradi- 

cation of the white scale by the introduction from Australia of its 

ladybird enemy, Vedalia cardinalis, demonstrated the possibilities in 
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this direction in the most striking way. This one experiment saved 

the State its citrus industry, or the equivalent of many millions of 

dollars, and gave the greatest confidence in many quarters in this 

means of controlling insects, as well as incited the later action 

looking to the introduction of beneficial insects on a much larger 

seale. By legislative enactment, approved March 31, 1891, $5,000 

was appropriated by the State of California ‘‘for the purpose of send- 

ing an expert to Australia, New Zealand, and adjacent countries to 

collect and import into this State parasitic and predaceous insects.” 

With the consent of the honorable Secretary of Agriculture, Mr. 

Albert Koebele, a field agent of the 

Division of Entomology, stationed at 

Alameda, Cal., who had _ previously 

been instrumental in introducing Ve- 

dalia cardinalis, was detailed for the 

work, the expenses of the trip being 

borne by the State of California. His 

chief object was to obtain predaceous 

insects which might exterminate the 

black seale, the red seale, and the San 

Jose scale. Mr. Koebele’s mission 
lasted upward of a year, and during 

this time he imported into California 

probably 60,000 specimens, represent- 

ing very many species, chiefly of lady- 

birds. Five or six of these species took 

hold well from the start, and two or 

three of them are still represented 

abundantly in the orehards of Cali- 

fornia, the others having practically 

disappeared. The important ones re- 

maining include a very efficient preda- pye. 52.—Rnizobius ventralis (the im- 

ceous enemy of the black seale in the ported ladybird enemy of the black 

little Rhizobius ventralis (fig. 52), and eects pieced: $i AAS GREE 

two much smaller species, R. debilis with black scale, natural size (orig- 
and R. toowoombe, which attack the ™- 
black seale, and also the red scale and San Jose seale to a less extent. 

The latter of the smaller species (R. foowoombee-lophante) had already 
been accidentally introduced into California prior to Mr. Koebele’s 

last trip, and is much the more abundant and widely distributed 

of the two. 

Two other species which obtained a foothold at the start and gave 

great promise are Orcus chalybeus and O. australasie. The former 

was liberated in an orchard near Los Angeles and multiplied consid- 

erably for a time, but disappeared almost entirely during the winter 

of 1895-96. Both of these species obtained a good foothold on the 
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ranch of Hon. Ellwood Cooper, near Santa Barbara, and up to the 

winter mentioned were very abundant, particularly the O. australasie, 
which at one time, on the authority of Mr. Cooper, could be taken by 

the handful where it had collected together, as does the common lady- 

bird, for hibernation. It has now, however, practically disappeared. 

The disappearance of these two species seems due partly to climatic 

conditions and, in the case of Mr. Cooper’s ranch, to the almost com- 

plete exhaustion of the black scale, which furnished their principal 
food supply. The two species, therefore, now of particular impor- 

tance are Rhizobius ventralis and R. toowoombe. The closely allied 
and rarer R. debilis can be distinguished from the latter with diffi- 

culty. 

Rhizobius ventralis was early colonized on the Cooper ranch, and 

during the last three years has been distributed in enormous numbers 

to different parts of the State, 300,000 or 400,000 having been colo- 

nized in southern California alone. This beetle is by far the most use- 

ful of the recent importations by Mr. Koebele, and has already done 

much good. It is about one-eighth of an inch long, oval, and in color 

nearly black, but clothed with whitish hairs, which give it a grayish 

appearance. A few pairs were received by Mr. Cooper in May, 1892, 

and by October of the following year they had so multiplied that 453 

colonies had been distributed and the black scale was stamped out in 

the olive orchard where they had been originally liberated. The larvee 

of this insect are found throughout the winter, and it practically breeds 

the year round in southern California. Colonies are easily sent out 

by inclosing them in wooden boxes with some dampened sphagnum 

Moss. 

Many fruit growers are discouraged and resume spraying because 

the scale is not immediately exterminated by the ladybirds, forgetting 

that at least a year or eighteen months is necessary for the introduced 

ladybirds to become numerous enough to be effective, and a year or two 

more, perhaps, to exterminate the scale. This insect requires favor- 

able conditions of moisture and winter protection and dense foliage 
to maintain it successfully, and considerable care has to be exercised 

to effect its colonization. It often happens that colonies of several 

thousand liberated together will entirely fail, and at other timés a few 

hundred or a much smaller number will take hold and multiply enor- 

mously. One great difficulty in the introduction of colonies of lady- 

birds is the fact that they are preyed upon by the little lizards, which 

are very abundant, and also by birds. 

In notable instances this ladybird has effected the entire eradication 

of the black scale in badly infested orchards. This is particularly 

true of the Cooper ranch and in the coast regions of southern Califor- 

nia, where the conditions are most favorable. In the more elevated 

and dryer fruit districts of southern California, and in northern Cali- 

fornia on deciduous trees, it is not very successful against the black 
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scale, and in the latter situation fails to winter well on account of the 

lack of protection furnished by deciduous trees. Itisan active enemy 

of all the Lecanium seales, and will also feed on plant lice. 

The best results with these imported ladybirds are exhibited on 

the ranch of Hen. Ellwood Cooper, president of the State board of 

horticulture, and so fully convinced is Mr. Cooper of the efficiency 

of these natural enemies that he has abandoned all other means of 

eontrol. Mr. Cooper’s ranch, which is a very extensive one, has large 

orchards of olives, with smaller lemon and orange orchards and tracts 

planted to figs and persimmons, together with nut-bearing trees, ete. 

Before this last importation of ladybirds was made Mr. Cooper's 

olives, persimmons, lemons, etc., were badly infested with the black 

seale, the trees being much blackened with the associated fungus, and 

the fruit products inferior and limited in consequence. About three 

years ago Mr. Cooper discontinued the application of washes to his 

trees and put entire reliance on the imported ladybirds to control the 

black seale. Mr. Cooper’s ranch at the present time is practically free 

from the black scale, and his trees are bright and clean in appearance. 

He ascribes all of this benefit to the ladybirds, particularly Rhizobius 

ventralis, with some assistance from the smaller Rhizobiids and the 

two species of Orcus already mentioned. Probably all these lady- 

birds still occur on his ranch, the Rhizobiids, at least, being present 

in some numbers. The black scale still occurs seatteringly on his 

ranch, or, as he expresses it, ‘‘ barely enough for seed.” In fact, it is 

not expected that these ladybird enemies will effect the complete 

destruction of scale insects, nor would this be in accordance with 

nature, but their champions hold that they will keep these enemies 

of fruit trees in such check that no important damage will result. 

Rather than have the scales and their ladybird enemies with them 

entirely disappear, Mr. Cooper is contemplating colonizing the scale in 

isolated groves as ladybird farms, so as to have material in readiness 

in case of need for general dissemination throughout his orchards. 

Mr. Cooper seems to have demonstrated and, he says, has thor- 

oughly convinced himself that spraying and gassing can not be used 

in conjunction with these natural enemies. All of these treatments 

are very prejudicial to the successful multiplication of the ladybirds, 

and so fully convinced is he of this that he refuses to send out col- 

onies of ladybirds to anyone who sprays or otherwise treats his 

trees. He goes so far, in fact, as to hold that to spray where lady- 

birds have been liberated should be made a criminal offense, with a 

severe penalty attached. His own experience is certainly very in- 

structive, and seems to bear out his conclusions. Spraying had been 

constantly practiced on this ranch prior to the introduction of lady- 

birds, and was continued some time after they had been introduced. 

In one instance some forty-nine trees in the center of an olive orchard 

12 A96 15 
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were left unsprayed, the surrounding trees being treated with kero- 

sene emulsion. Rhizobius ventralis was introdueed about the same 
time or soon after. Immediate benefit was notieed in the greater 

vigor and healthier color of the sprayed area, contrasting with the 

blackened or sooty appearance of the unsprayed portion. The lady- 

birds, however, worked altogether on the trees which had not been 

sprayed, and refused to take hold at all elsewhere. As a result, nine 

months or a year afterwards, the condition of things was reversed, 

the sprayed trees were again black and sooty, and the unsprayed trees 

were freed of the scale by the Rhizobiids, and were of a healthy bright 

eolor. The difference in the appearance of the two portions of the 

grove was noticeable at a distance and remained so for some time 

afterwards, and convinced Mr. Cooper that the presence of the wash 

on the trees was sufficiently distasteful to the Rhizobiids to deter them 

from working in the sprayed portion of the grove for a long period. 

He holds, therefore, that the failure of the Rhizobiids to take hold 

effectively in many places is due to the fact that the owners of these 

ranches continue spraying. Mr. Cooper’s experience has been so suc-_ 

cessful that he is convinced that all injurious inseets ean be controlled 

by the introduction of the proper natural enemies, with the resulting 

saving of the amount now spent in washes, ete., which, in his case, 

was four or five thousand dollars yearly. 

That in some measure the disappearance of the black seale on Mr. 

Cooper’s ranch is due to the effect of climate or disease is a fair infer- 

ence, in view of the experience elsewhere; but the condition of his 

grove, as contrasted with other groves at Santa Barbara, seems to 

warrant the giving of much credit to the ladybirds. It will take, how- 

ever, an experience of some years to demonstrate whether the seales, . 

whieh are now nearly exterminated, will be kept by these ladybirds 

from reappearing in destructive numbers, and, if they do reappear, 

whether the ladybirds will again bring them under subjeetion. 

Of the other insects imported by Mr. Koebele, two are worthy of 

mention. One of these, Cryplolemus montrouziert, is an important 

enemy of several Coccidz, such as the mealy bug, Pulvinaria, ete. 

This is the species which was introdeced in Hawaii, and has been so 

successful there in ridding coffee plantations of Pulvinaria psidi. 
It is being reared in confinement and distributed in portions of south- 

ern California, where the mealy bug is an important pest, and speci- 

mens brought to Washington have demonstrated their usefulmess by 

cleaning orange trees in the hothouses of the Department of Agricul- 

ture of mealy bugs. It gives promise of being a valuable outdoor 

enemy Wherever the climate is favorable, and in the North and East 

will be a valuable indoor means of controlling soft seales. The other 

ladybird referred to is Novius koebelei Oll., which preys upon sev- 

eral injurious scales, and is quite as important an enemy of the white 
seale as Vedalia cardinalis. 
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The benefit from native parasitic insects was also very noticeable, 

particularly the parasitism of the brown apricot scale (Lecanium 

armeniacum Craw) by Comys fusca, in the Santa Clara Valley, fre- 
quently amounting to the parasitism of from 75 per cent to 90 per 

cent of the seales. The San Jose scale is also very abundantly para- 

sitized by the Aphelinus fuscipennis. Of the native ladybirds the 
most efficient is the common twice-stabbed species, Chilocorus bivul- 

nerus, which, as an enemy of the San Jose seale, is much more impor- 

tant than any of the imported species and is also a general scale feeder, 

and occurs abundantly in orchards throughout the State. 

CONTROL OF INSECTS BY THE USE OF WASHES AND BY FUMIGATION. 

Much of the work with insecticides in California has been similar 

to that done elsewhere, yet the two or three most effective means of 

destroying insecis originated in California and are still peculiar to 

the Pacific Slope. Important among these are the gas treatment, the 

resin washes, and the lime, sulphur, and salt wash. 

It may be stated of all the washes or other methods, that the com- 

plete destruction of the seale is rarely if ever secured by their use, and 

is not, indeed, hoped for. Experience has shown that the best that can 

be done is to effect a practical elimination of the scale for the time 

being, and it is often necessary to repeat the treatment every year or 

two. In exceptional cases it may not be necessary to do this more 

than once in three years. All applications are therefore recognized to 

be as necessary and continuous a charge on the crop as is cultivation 

or irrigation. 

THE GAS PROCESS. 

The use of hydrocyanie acid gas originated in California, and was 

perfected by a long period of experimentation by an agent of this 

division, Mr. D. W. Coquillett. Ithas not been followed to any extent 

elsewhere, however; but in southern California it is held to be the 

best treatment for citrus trees and is now better understood and 

more satisfactory than ever before. It is especially applicable to citrus 

trees, the abundance of foliage and nature of the growth of which 

enables comparatively heavy tents to be thrown over them rapidly 

without danger of breaking the limbs. With deciduous trees it has 

net been practicable to use tents to any extent, except in the case of 

nursery stock, which may be brought together compactly and treated 

in mass under tents. This gas is also the principal agency used in 

disinfeeting material coming into California from abroad. 

The practice of ‘‘gassing” or ‘“‘fumigating,” as it is called, differs 
very little from the method employed a number of years ago when the 

process was first perfected, the main difference being in the fact that 

refined eyanide (98 per cent) is generally used in preference to the 

fused 58 per cent grade hitherto employed. The latter gives good 



228 YEARBOOK OF THE U. S. DEPARTMENT OF AGRICULTURE. 

results when it is uniform, but, unfortunately, this is rarely the case, 

and even in different parts of the same barrel great variation often 

occurs. Only about two-thirds as much of the stronger cyanide is used 

as of the weaker grade. The following table, prepared by Mr. John 

Scott, horticultural commissioner of Los Angeles County, gives the 

proportion with the stronger cyanide for trees of different sizes: 

Height of tree Diameter Water Sulphuric acid Cyanide 
} 
} 

| (feet). ipo at Nee (fiuid Eee (fiuid ounces). eee 

} 

| 6 4 1 } 
} 8 6 23 1} 

10 8 3} 2 

2 10 6 3 

12 14 9 4} 

14 M4 10 5 
16 16 2 54 

18 16 12 6 

20 16 13 61 
22 18 15 Tt 

24 20 16 8 

| 26 20 16} 8 

| 

The old statement that less time is required for small trees or plants 

than for larger ones is found to be an error, and, in fact, it is reason- 

able that an insect is no more easily killed on a small plant than on 

alarge one. The limit in application of gas is to apply it at a strength 

and fora length of time, forty to forty-five minutes, as great as the tree 

can stand, and, in fact, the tender terminals of the tree should be 

slightly scalded, which is proof that the gas is of proper strength, and 

treatment of this character is necessary to destroy the red seale and 

the young of the black seale. For very compact trees with dense 

foliage from one-fourth to one-third more gas should be generated, 

and this is true also of the moister coast regions, or within 10 miles 

of the coast, the moisture or the cold surface of the leaves condensing 

a certain proportion of the gas. In the case of young trees and nurs- 

ery stock there is much less danger of scalding if the gas be generated 

slowly, either by employing a greater amount of water or using the 

eyanide in large lumps. 

Trees are fumigated for the black scale in southern California in 

October, or preferably in November, the young black scales in this 

part of the State having usually all emerged by October 1. After the 

black scale has abandoned the leaves and gone back to the twigs and 

fixed itself firmly, the gas is no longer effective against it. The red 

scale may be treated with gas at any time, but preferably at the sea- 

son already alluded to. The applications are made at night because 

the action of sunlight powerfully increases the scalding effect of the 

gas on the leaves. Most of the work is done by contract or under 

ee eee 

ee 
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the direct supervision of the county horticultural commissioners. In 

Los Angeles County the horticultural commissioner furnishes tents 

and material at a mere nominal charge, together with one experienced 

man to superintend the work, while a crew of four men operate the 

tents. The wages of the director and men are paid by the owner of 

the trees. 

The tents now employed are of two kinds, the ‘“‘ sheet” tent of ovtag- 

onal shape for large trees, and the ‘‘ring” tent for trees under 12 feet 

in height. The ring tents, or, as they are also called, the bell tents, 

shown at extreme right in Pl. V, are bell shaped and have a hoop of 

half-inch gas pipe fastened within a foot or so of the opening. Two 

men can easily throw one of these tents over a small tree. An equip- 

ment of 36 or 40 ring tents can be handled by four men. They are 

rapidly thrown over the trees by the crew, and the director follows 

closely and introduces the chemicals. By the time the last tent has 

been adjusted the first one can be removed and taken across to the 

adjoining row. An experienced crew, with one director, can treat 

350 to 400 five-year-old trees averaging in height 10 feet in a single 

night of eleven or twelve hours. The cost under such conditions 

averages about 8 cents a tree. 

With large trees the large sheet tents are drawn over them by means 

of uprights and pulley blocks, as illustrated in Pl. V. Two of these 

sheets are necessary for very large trees, the first being drawn half- 

way over and the second drawn up and made to overlap the first. In 

the case of trees from 24 to 30 years old and averaging 30 feet in height, 

about 50 can be treated in a night of ten or twelve hours, with an equip- 

ment of 12 or 15 tents, the cost being about 75 cents per tree. It is 

not feasible to treat trees above 30 feet in height. 

Through the courtesy of Mr. John Scott, referred to elsewhere, and 

Mr. A. T. Currier, the owner of an orange ranch near Spadra, Cal., the 

writer was given an opportunity of witnessing the method of operat- 

ing both the sheet and bell tents. The handling of the bell tents is 

simple and needs no further description, but the large tents are not 

so easily operated, and the method of adjusting the great flat octago- 

nal sheets over the trees, while simple enough when once understood, 

will have, perhaps, some interest for Eastern fruit growers who may 

desire to experiment with the hydrocyanic acid gas. The only ma- 

chinery employed consists of two simple uprights, with attached 

blocks and tackle. The uprights are about 25 feet high, of strong 

Oregon pine, 2 by 4 inches, and are provided at the bottom with a 

braced crossbar to give them strength and to prevent their falling to 

either side while the tent is being raised. A guy rope is attached 

to the top of each pole and held to steady it by two of the crew sta- 

tioned at the rear of the tree. The tent is hoisted by means of two 

ropes 70 feet long, which pass through blocks, fixed, respectively, at 

the top and base of the poles. The tent is caught near the edge by 
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taking a hitch around some solid object, such as a green orange, about 

which the cloth is gathered. By this means the tent may be caught 

anywhere without the trouble of reversing and turning the heavy cean- 
vas to get at rings or other fastenings atiached at particular points. 

The two remaining members of the operating crew draw the tent up 

against and over one side of the tree by means of the pulley ropes suf- 
ficiently to cover the other side of the tree when the tent falls. The 
poles and tent together are then allowed to fall forward, leaving the tent 

in position. Sufficient skill is soon acquired to carry out rapidly the 

details of this operation, so that little time is lost in transferring the 
tents from tree to tree, even when the trees approximate the limit in 

height, as was the case where the operation was witnessed. A single 
pair of hoisting poles answers for all the tents used. 

Some practieal experience is neeessary to fumigate sueeessfully, and 

it will therefore rarely be wise for anyone to undertake it on a large 
scale without having made preliminary experiments. If the cyanide 

treatment is to be introdueed in the East, it would be well for fruit 

growers to obtain the services for a year or more of an experienced 

man from California to give them a practical iliustration of methods, 
and even in California it is recognized that such work is much more 

economically accomplished when given over to experienced persons 

and done under contract. The gas treatment is probably the most 

thorough of all methods, but complete extermination is very rare. 

Fumigation must therefore be repeated every two or three years, or 

as often as the scale insects reappear in amy numbers. 

The canvas employed in the construction of tents may be rendered 

comparatively impervious to the gas by paimting lightly with boiled 

linseed cil. This has the objeetion, however,.of stiffening the fabrie 

and adding considerably to its weight; it also frequently leads to its 

burning by spontaneous combustion unless earefully watched until 

the oilisdried. A much better material than oil is found in a product 

obtained from the leaves of the common prickly pear cactus (Opun- 
tia englemanni), which grows in abundance in all the southern coun- 
ties of the State. The liquor is obtained by soaking ehopped-up 

leaves in water for twenty-four hours. It is given body and color by 
the addition of glue and yellow ocher or venetian red, and is applied 

to both sides of the canvas and rubbed well into the fiber of the eloth 

with a brush. 
STEAM AND SUPERHEATED WATER. 

The use of steam for destroying inseets is not a new method, but 

has recently been extensively experimented with by Dr. 8. M. Wood- 

bridge, of South Pasadena, and the writer was given an opportunity 

to witness the process and to note the results of earlier experiments. 

The method is very simple and practically identical with the gas 

treatment just deseribed. The steam is generated in a boiler, the one 

employed earrying 80 pounds, and is introduced into the tent by means | 
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of a hose. As practiced by Dr. Woodbridge, the hot steam is first 

directed by hand over the trunk and larger limbs; the end of the hose 

is then inserted in a box which has been perforated with inch auger 

holes, the object being to so distribute the steam im the tent as to 

prevent its burning the foliage by striking forcibly in one direction. 

The steam is left on until the temperature, determined by an inclosed 

thermometer, rises to 120° F'. in the tent. Two degrees higher will , 

not injure the tenderest growth, but a temperature of 125° and upward 

will kill every blossom, bud, and leaf. The time required to bring 

the tent to the proper temperature varies with the day and prevail- 

ing winds. A tent 10 by 12 feet in diameter can be brought to the 

temperature named in from five to ten minutes. When the necessary 
degree of heat is reached, the steam is partly shut off and the mereury 

maintained at the desired point for seven or eight minutes. The 

tent is then removed. On the trees treated to the limit of safety, as 

described, the red seale is killed on the leaves and twigs, but is not 

affected on the fruit. It is claimed for this process, on which there 

is no patent, that it is much cheaper than the use of gas, and that 

a 25-horsepower boiler will furnish steam in ten hours for 100 trees 

averaging 25 feet in height. Further advantage claimed for this 

treatment is that it is said not to affect beneficial insects. The 

objections to the treatment are the necessity of carrying a cumber- 

some steam apparatus through the orchard, and the fact that the 

tents are liable to become wet from the steam and difficult to handle. 

It is also less successful than gas, which kills the seales on fruit as 

well as on leaves and twigs. The experiments, however, have demon- 

strated that good results can be obtained, and it is possible that in 

future something practicable in the destruction of scale insects may 

be accomplished with steam. 

In connection with the above experiments a demonsiration was given 

of the use of superheated water. This also necessitates the use of a 

steam engine, as in the former ease. The water, which may contain 

an insecticide or be used merely as a hot spray, is raised to a tempera- 

ture in the boiler indicated by 40 pounds pressure. This, when lib- 

erated through a nozzle at the extremity of a long hose, is equivalent 

to a pressure of about 150 pounds. The liquid escaping from the hose 

breaks up into a forcible, half-steam spray even with a very simple 

nozzle formed by compressed gas pipe, and is directed onto trees as 

in ordinary spraying operations. The principal advantages are that 

the spray pump is dispensed with and that the liquid is applied at an 

elevated temperature. The spray is, however, cool to the hand in the 

center of the stream at a distance of 18 inches and on the edges at a 

distance of 8 inches from the nozzle, and is not too hot to be borne by 

the hand at a distance of 6 inches from the nozzle. This indicates 

that the temperature of the liquid itself will not ordinarily be suffi- 
cient to kill the insects. 
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These experiments were especially interesting as indicating the 

futility of attempting to kill insects by means of hot sprays. The 

difficulty of recharging the apparatus and the cost of the steam plant 

will probably render this, as a method of applying liquid insecticides, 

impracticable in comparison with the gasoline-spray engines and ordi- 

hary spray pumps now in use. 

KEROSENE EMULSION. 

This well-known insecticide is used to a very considerable extent in 

California, much more so in recent years than formerly. It is the 

principal insecticide used in the district about San Diego, and is also 

used extensively at Santa Barbara and to a less extent elsewhere in 

the State. The necessity for the use of very large quantities of insect- 

icides in California has led to the establishment by private parties in 

several instances of steam or gasoline plants for the production of 

this insecticide wholesale. Probably the first extensive manufactur- 

ing plant of this sort was set up by Mr. W. R. Gunnis, county horti- 

cultural commissioner, of San Diego, who manufactures the emulsion 

by the aid of a small engine, doing all the work of heating, churning, 

ete., by this means. With coal oil at 11 cents per gallon, he is able 

to produce the emulsion at a charge of 13 cents per gallon in the un- 
diluted state, which makes the wash as applied to the trees, diluted 7 

times, cost a little over 1} cents per gallon. In his district, Mr. Gun- 

nis claims that the loss from scale insects has been reduced from 79 

per cent to 7 per cent, chiefly by the use of this wash. 

At Santa Barbara, the superintendent of the Las Fuentos ranch, 

Mr. Frank Kahles, has set up a very large plant for the manufacture 

of kerosene emulsion for the use of this ranch alone. The plant is 

s.iinilar to that devised by Mr. Gunnis, and the capacity is such that 

the emulsion can be made in quantities of 150 gallons at a time and 

very rapidly. He uses a formula slightly different from the Hubbard. 

The proportions are 35 gallons of whale-oil soap, 100 gallons of kero- 

sene oil, and 50 gallons of water. This is diluted for application to 

trees with 7 parts water, costing in the diluted state 13 cents per 

gallon.’ 

Kerosene emulsion has probably been given its most extensive trial 

on the Pacific Coast at the Las Fuentos ranch. Two years since 
Mr. Gunnis sent his excellent spraying apparatus to Santa Barbara, 

together with some 8,000 or 10,000 gallons of emulsion, and thoroughly 

sprayed the lemon plantings, comprising upward of 25,000 trees. The 

1Mr. Kahles was formerly connected with a royal garden in Bavaria. He states 
that kerosene emulsion was used thirty years ago by Herr Schoenfeldt, the head 

gardener in the establishment. Soap was dissolved in hot water, kerosene added, 

and the whole agitated for fifteen or twenty minutes until an emulsion was formed. 
It was used as a wash for greenhouse and other plants. This seems to bea reliable 

record of the use of kerosene emulsion much older than any records hitherto given. 

———_ 
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present season Mr. Kahles has, with spraying apparatus made from a 

photograph of the Gunnis machine, twice sprayed all the lemon 

orchards with the emulsion. By the Gunnis treatment many trees 

were killed, owing probably to the accumulation of oil in the bottom 

of the reservoir or tank, so that the last 3 or 4 trees with each filling 

received an unusually heavy dose, which, running down the trunk, 

collected in the cavity about the crown caused by the swaying of the 

trees in the wind. The accumulation of oil is obviated in the new 

apparatus constructed by Mr. Kahles by giving the tank a conical 

bottom, so that the liquid may be thoroughly exhausted each tims 

before refilling, and as a further precaution, before treating, the trees 

are mounded up about the base and the earth thoroughly compacted. 

With these precautions no injury has resulted from the later spray- 
ings. The last treatment was given in September and October, 1896, 

the trees having again become thoroughly reinfested with the black 

scale and much blackened. Since the treatment the trees are respond- 
ing very rapidly in new vigorous growth and the fungus is rapidly 

peeling off, all the scales which had hatched prior to the application 

having been killed. In this region, however, the black scale hatches 
very irregularly, and a good many young scales have since appeared 

which will make a later spraying necessary. 

RESIN WASH. 

This wash is a distinctively Californian insecticide, used much more 

generally than kerosene emulsion and ordinarily employed in the 

important citrus districts extending from Los Angeles to Redlands. 

It is often prepared and the work of spraying is often done by con- 

tractors, who agree to clear orchards from seale at a given charge per 

gallon, usually 4 cents. For small trees 5 years old and under, 1 

gallon is sufficient per tree. Trees of 20 or 30 years’ growth require 
from 6 to 8 gallons. 

The formula for this wash varies in different sections. The summer 

wash usually contains 20 pounds of resin, 5 pounds of crude caustie 

soda (78 per cent), or 3} pounds of the 98 per cent, and 24 pints of fish 

oil. The winter wash contains 30 pounds of resin, 9 pounds of crude 

soda, and 43 pints of oil. The ingredients are boiled in about 20 

gallons of water for two or three hours, hot water being occasionally 

added until 50 gallons of solution are made. This for both formulas 

is diluted to 100 gallons before application to trees. Greater efficiency 

is believed to come from long boiling of the mixture, and it is prefer- 

ably applied hot. It is used on deciduous trees for the black and 

San Jose scales and on citrus trees for the red and black scales, but 

the dense foliage of the latter renders thorough spraying difficult 

except for young trees, and fumigation is much preferred. An im- 

properly made resin wash is also apt to spot the fruit of the orange. 
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THE DAYTON WASH. 

This is a petroleum compound manufactured at Cleveiand, Ohio, 

and sold at $1.25 per gallon. It has been used at Riverside for 

the past year instead of kerosene emulsion or resin wash. It is said 

to be nearly as effective as either of the latter and is much cheaper, 

costing, applied to the trees, about 2 cents per gallon. It is used in 

dilutions of 1 part to 80 or 1 part to 100 of water for the young of the 

black seale. For the red scale a much stronger mixture is required. 

Tt does not spot the fruit. This wash is not claimed to be the equal 

of the resin wash, but the failure of the orange crop at Riverside, due 

to the frosts of the winter of 1895-96, has discouraged growers, and 

they are unwilling to go to the expense of the resin or gas treatments. 

It is used chiefly against the black scale, which, in the newly hatched 

condition, is comparatively easy to destroy. 

LIME, SALT, AND SULPHUR WASH. 

This is the almost invariable remedy for the San Jose scale in Cali- 

fornia, and over much of the State it is undoubtedly very effective. 
Experience with this wash in the East had thrown doubt on its real 

efficiency as an insecticide, and it has been clearly demonstrated that 

in the climatic conditions east of the Alleghanies it is almost valueless. 

In California, however, the demonstration of its usefulness against 

the San Jose scale is complete and the benefit of its application to 

orchards is most manifest. In the vicinity of Pomona, Cal., some 

unsprayed orchards were visited which were as badly infested with 

San Jose scale as any of our Eastern orchards, while in adjoining 

sprayed orchards the scale was entirely killed and the trees were 

rapidly recovering and showing vigorous and healthy new growth. 

In contiguous orchards, alsoof the same kinds of trees, similarly treated 

so far as cultivation is concerned, the trees which had been subjected 

to yearly spraying were at least one-third larger than untreated trees. 

This wash is.of value also as a fungicide, protecting stone fruits from. 

leaf fungi, and is also a protection against birds, the common Cali- 

fornia linnet doing great damage to buds in January and February. 

The wash is almost invariably made and applied by contractors, and 

eosts about 5 cents per gallon applied to the trees. It is a winter 

application, being applied in January and February. 

Along the coast region and in northern California, where moister 

conditions prevail, this wash is very much less successful, bearing out 

somewhat the experience of the East and doubtless explained by the 

similarity of climate in the districts mentioned with that of the Atlan- 

tic Seaboard. In making this wash the chief consideration seems to 

be prolonged boiling. The wash itself is practically a sulphide of lime, 

with freé lime and salt carried withit. Prolonged boiling will result in 

taking up additional sulphur, and will perhaps add to its caustic 
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properties. The proportions of the ingredients and the method of com- 

bining them varies slightly in different sections. The following is the 

ordinary formula: Unslaked lime, 40 pounds; sulphur, 20 pounds; salt, 

15 pounds; one-fourth of the lime is first slaked and boiled with the sul- 
phur in 20 gallons of water for two or three hours; the remainder of the 
lime is slaked and tegether with the salt is added to the hot mixture 

and the whole boiled fer a half hour or an hour longer. Water is then 

added to make 60 gallons of wash. This wash is applied practically 

every year, or as often as the San Jose scale manifests itself in any 
numbers. In the coast region and in the northern part of the State it 

is necessary to apply it with greater frequency than in the interier 

districts. 
INSECTICIDE MACHINERY. 

The apparatus for applying liquids to trees in California are prac- 
tically as used elsewhere. Jor many years back the means have been 
simple spray force pumps of various styles, usually of not very great 

capacity. Of late years stronger hand pumps, usually with air-pres- 

sure reservoirs, have been employed, and in several notable instances 
well-equipped power spraying apparatuses have been constructed and 
used successfully from one to several years. The first power spray- 
ing apparatus used was the one manufactured by Mr. W. R. Gunnis, 
referred to and described in an article by Dr. Howard, ‘‘The use of 

steam apparatus for spraying” (see pages 73 and 74). Thousands of 

trees have been sprayed with this machine about San Diego, andithas 

also been extensively used in other parts of the State. This machine 

has been the basis for at least two others, one of which has been 

employed for a year or two at Riverside, and the other is employed 

on the Las Fuentos ranch, Santa Barbara. With these machines the 

operation is very rapid and is carried on with an efficiency not hith- 

erto equaled with any other apparatus used. For the details of the 

construction of these machines and the methods employed in refilling 
in the field, so that no time is lost, and other points concerning them, 

reference may be made to the article cited above. 

CONCLUSION. 

In taking this general view of the insect problem in California, one 

is impressed first with the fact that the peculiar conditions of climate, 

particularly of heat and moisture, and the system of cultivation which 

these necessitate are really more important considerations than any 

others in the control of insects; and as these very conditions are more 

or less local, many of the measures which are successful in Cali- 

fornia will prove impracticable or inapplicable elsewhere. The use of 

gas, for instance, which is so very successful in California with citrus 

trees, can not be easily employed in our Eastern deciduous orchards. 

It will, however, apply to the citrus groves in Florida as well as in 
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California. Many of the washes employed in California owe, as has 
been pointed out, their efficiency to climatic conditions, and unless 

these conditions are duplicated elsewhere these washes can not be 

expected to give similar results. This applies particularly to the { 

lime, sulphur, and salt wash, and to some extent also to the resin and | 

other washes. Of much greater value, however, to Eastern hortieul- 

| 
turists is a study of the system of minute orchard inspection practiced 

in California, which, after all, is the most valuable feature in her 

measures for the control of insects and plant diseases. The impor- 

tance of immediate discovery of injury before it has become estab- | 

lished needs no especial emphasis. Such orchard inspection, with 

supervision of treatment, in connection with a system of quarantine, | 

will do much for Eastern fruit growers. It may be impossible to 

accomplish such work with the same efficiency and thoroughness as 
on the Pacific Coast, due to the greater difficulty of extending inspec- 

tion and treatment over scattered areas of much wider extent, but 

that immense good can be gained can not for a moment be doubted. 

The present system in California is not a theoretical or experimental 

one, but is the outgrowth of the practical experience of years, and it 

is within the power of Eastern fruit growers, by adopting California 

methods so far as they can be made to apply, to save years of experi- 

mentation, which in the end would probably bring about a similar 

system, but only after immense loss to the fruit interests had been 

incurred. 
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DISEASES OF SHADE AND ORNAMENTAL TREES. 

By B. T. GALLOWAY and ALBERT F. Woops, 

Chief and Assistant Chief, Division of Vegetable Physiology and Pathology, 

U. S. Department of Agriculture. 

GENERAL REMARKS. 

Speaking generally, the diseases of trees may be divided into two 

classes: (1) Those in which conditions of soil and climate are the con- 
trolling factors, and (2) those where parasitic enemies, such as insects 

and fungi, are the principal agents involved. Some of the more 

important insects were described in the Yearbook for 1895, and there- 

fore the present remarks will be confined for the most part to the 

diseases in which conditions of soil and climate and parasitic fungi 

are involved. 

No sharp line can be drawn between the two classes of diseases to 

which reference has been made. If they were controlled by a single 

set of factors, this might be done, and the question of identifying them 

would then be a very simple matter. Complications, however, are 

always involved, and these become more intricate the more they are 

investigated; in other words, the tree is ready at all times to adapt 

itself, within certain limits, to surrounding conditions, and in doing 

this elements of weakness may be developed which will result in dis- 

ease or death. The adaptability of trees, therefore, to environment 

is a most important matter in considering the question of diseases, 

and to properly understand the latter it may be well to briefly review 

some of the more important points involved in the former. 

It is a matter of common observation that different types of soil and 

climate support different kinds of trees and other plants. It is not 

always, however, because we find certain kinds of trees growing in 

certain soils and under certain conditions, that the peculiarities of the 

soil and surroundings account for their growing there. Such trees 

may grow very much better under different conditions if an oppor- 

tunity is offered; otherwise they will continue to grow where they are, 

at the same time tacitly protesting against their environment by 

responding to the more suitable surroundings if they appear. 

An important matter for consideration in the question of adaptation 

of plants is the fact that the individual is much more susceptible to 

changes than is the species as a whole. For example, an individual 

white oak tree in a moist, warm region would make a growth which 

would quickly dry up if moved to a region where moisture is deficient, 
237 
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but where other white oaks were growing, whereas if it had been 

started from the first in the dry region it would have adapted itself to 

the conditions and thrived there. Conversely, the tree growing in a 

dry region or place, if moved to a wet location, is liable to suffer, as 
itis unable to adjust itself to such a sudden change. It is a common 

practice to transplant trees from the forest to yards and other places 

where the conditions of soil and air are quite different from those 

under which the plant originally grew. In such eases it is diffieult 

to get the trees to live, owing to their inability to adjust themselves to 

the new requirements. If they do not entirely succumb to the effects 

of changed surroundings, they may, during the period in which they 

are trying to adjust themselves, be attacked by parasitic enemies, 

which will simply result in death in another form. 

From such facts as here adduced it would appear that disease or 

death of trees is largely the result of combinations of unfavorable 

factors, and that where these latter are favorable to the performance 

of the normal functions of the trees they might continue to live indef- 

initely. Unlike an annual or biennial plant, a tree renews itself 

each year by a thin layer, which forms between the old bark and the 

wood. This layer is the starting point for the next generation, so 

that we have a great mass of dead and dying generations within, 

coated outside with a live generation, which is just as distinet indi- 

vidually from previous generations as a new plant produeed from 

a cutting or bud is distinct from the parent, and which, therefore, 

strictly speaking, is never old. 

As long as the conditions for obtaining food and water from the soil 

and for conducting these to every part of the tree are favorable and 

the effects of climate are not detrimental to growth, the living portion 

of the tree should be as vigorous asever. These conditions, however, 

are seldom attained, and as a result the duration of life is long or 

short according to the ability of the tree to overcome the difficulties 

in the way of its development. Thus, if there is a continual drain on 

the supply of soil foods, with no addition, the tree will eventually starve 

to death or become so weakened that it will succumb to the attacks of 

parasites; a period of drought may kill many feeding roots, branches, 

and leaves, and as these decay openings will be left for parasitic fungi; 

a period of cloudy, wet weather may do the same by asphyxiating 

many roots and leaves; a severe cold spell may ‘‘kill back” young 

growth and injure the young leaves in the spring; a late, warm, and 

moist fall after a dry summer may induce a fall growth whieh can not 

mature sufficiently to withstand winter ¢old, and is thus “‘ killed back; ” 

insects may defoliate the branches and borers mine the trunk and 

limbs, and thus cut off the distribution of food and water and make 

openings for the entrance of parasitic fungi; parasitic fungi may 

attack some part of the tree under certain favorable conditions with- 

out the tree being previously injured; a tender vegetative growth, 
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although perfectly healthy and normal, may at a certain phase of 

development be unable to resist the attacks of certain parasites, while 

later the parasite may not be able to gain entrance; the chemical com- 

position of the juices, or the prevalence of sugar, stareh, and acids 

or bases, may make it possible for parasites to attack the tissues 

during certain stages of growth, and thus produce disease. 

From the foregoing, it will be seen that any disease, no matter how 

simple if may appear on the surface, involves complications which 

require eareful study, and it is only such study that will enable the 

intelligent grower to obtain the highest sweeess in his work. 

DISEASES DUE TO SOIL CONDITIONS. 

LACK OF FOOD AND WATER. 

A disease known as “‘stag head” or ‘‘top dry” frequently results 

from lack of proper food in the soil. The trouble manifests itself by 

the gradual death of the top of the tree, the lower branches remaining 

green, but making little active growth. It is common in forests, 

especially where the conditions have been changed by cutting out or 
burning the undergrowth, by greatly thinning out the trees,’ or by 

excessive drainage of moist areas. It often appears in parks where 

the natural undergrowth has been cut out and the trees have been 

thinned, thus exposing large areas to the sun and the washing effects 

of heavy rains. In such cases there is at first, as Hartig points out, 

an accelerated decomposition of the humus which covers the soil. At 

the same time the manufacture of sugar and starch by the leaves is 

inereased, owing to an increased supply of light. Stimulated by this 

increase of food, all the benefited trees make a more vigorous growth, 

dormant buds developing into leaves and branches, especially in the 

previously shaded lower parts of the trees. This may continue for a 

few years, or until the stock of humus and other available food mate- 

rialisreduced. The soil then dries out toa considerable depth during 

the summer, and as a result many of the upper feeding roots are 

killed, the natural processes which render plant food available are 

interfered with, and starvation begins. As the soil becomes poorer 

and poorer the lower branches appropriate most of the food and water 

and the upper ones, not being able to obtain their share, die. 

Trees planted in parks, in yards, and along streets are especially 

subject to this disease. Growing year after year where there is no 

addition to the available soil foods, especially nitrogen, and where the 

soil is dried out by the sun and grass, starvation necessarily follows. 

The tree therefore gradually stops growing, the branches and limbs 

slowly die, and other diseases set in, until finally the last branch is 

dead. Another cause of this trouble is often found in the process of 
grading, which removes what good surface soil there is, leaving one 

1Hartig, Diseases of Trees, pp. 270-272. 
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not only of poor physical quality, but also lacking in nitrogen, if not 

in other available soil foods. In planting trees in such places a hole, 

possibly of sufficient size, is dug, and the tree is set in this, probably 

with some richer soil, which will furnish food for an indefinite period, 

according to its quality and amount. If the quality of the soil is 

poor and the amount small, the tree will begin to starve in five or six 
years; if the quality is better and the amount larger, it will last for a 

much longer period. But no matter how good the soil may be to start 

with, unless the food supply is properly renewed it is sure to become 

exhausted as far as the tree is concerned, and starvation, with all its 

incidental troubles, will follow. (Fig. 53.) 
Preventive measures.—It is evident that a constant supply of proper 

food is necessary to prevent this disease. If the soil is naturally rich, 

well drained, and of good texture, little need be done in the way of 

improving it. Wherever practicable, the ground underneath the tree 

should not be completely sodded, but should be planted to low-grow- 

ing, shade-enduring plants, so that most of it may be worked and 

top-dressed each year, thus keeping up the food supply and the proper 

aeration of the soil. The poorer the soil the greater the precautions 

that must be taken in this direction. When trees are to be set in very 

poor soil, as is often the case in cities, a hole at least 8 feet long, 2 

’ feet deep, and 3 feet wide should be excavated and good soil sub- 

stituted for that removed. Along streets and walks as large a park- 

ing as possible should be left around the tree. Each year this should 

be spaded as deep as possible without injuring the roots, and then 

top-dressed with good rotten manure enriched by a sprinkling of 

ground bone. Grass or weeds should not be permitted to grow in this 

area, nor should the ground be allowed to become trampled down. If 

these precautions are taken, the health and life of the trees will be 

extended many years beyond what they would under less favorable 

conditions. 
IMPERFECT CIRCULATION OF AIR IN THE SOIL. 

The proper aeration of the soil has an important bearing on the 

health of trees. The amount of air and its circulation are affected by 

the size and arrangement of the soil grains, amount of water present, 

proximity of pavements, filling, grading, ete. Whatever may be the 

cause of imperfect aeration, the effects are far-reaching and impor- 

tant. In the first place, nitrifying organisms can not carry on the 

important process of fixing atmospheric nitrogen in soils deficient in 

air, especially its most important element, oxygen, while other sim- 

ilar organisms may even cause the destruction of what nitrates there 

are present. This is particularly true of wet soils and those of very 

close texture. The presence of much water between the soil grains 

prevents the circulation of air, and there is consequent loss of nitrates, 

the most valuable of all soil foods. But aside from this important 

consideration the plant roots themselves require a plentiful supply of 
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oxygen in order to carry on their own life processes. Growth can not 

take place without it, neither can the formation of reserve materials. 

These processes are especially active in roots. A deficiency of oxygen 

for roots at once becomes apparent by cessation of growth, and, if too 

long continued, by the death of the roots, followed by starvation and 

death of the whole plant. 

Trees are often injured in poorly drained soils during a wet period. 

Of course, if the presence of water is constant and the tree has grown 

up under these conditions, 

it will produce many sur- 

face and water roots, thus 

adapting itself to a wet 

situation. We refer here, 

however, especially to soils 

which are too wet only at 

eertain periods—low 

places, underlaid by hard 

pan; where ground water 

comes close to the surface; 

or in stiff soils, which, 

becoming saturated, hold 

water for along time. The 

roots produced in the 

‘ather dry or moist soil are 

injured or killed during 

wet periods, especially the 

deeper ones, like the tap- 

root and the lower laterals. 

A prolonged wet period fol- 

lowed by a very dry one is 

liable to completely kill the 

tree under such conditions. 

In some of the close- 

textured soils of the West 

and Southwest, naturally 

deficient in aeration, trees 

often suffer or are killed 

during the rainy season, 

or by excessive irrigation. 

When the roots are not killed, they are so weakened as to be made 

subject to the attacks of various root-rot fungi. 

Trees planted along the paved streets of towns or cities nearly 

always suffer from a lack of aeration of the soil. The exchange of 

gases between the soil atmosphere and the air is greatly retarded by 

pavements and walks and by the hard-packed surface of roads which 

are not paved. This trouble is especially liable to occur along streets, 
12 A96——16 

Pia. 53.—Stag head soft maple. 
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where the ground water is only a few feet from the surface. During 

prolonged rainy weather the water rises, making the soil wet up close 

to the surface. The pavement adds here to the evil of poor under- 

drainage, preventing evaporation and aeration. 

Another means of cutting off the soil air is by filling and deep plant- 

ing. It often happens in grading that soil is filled in around trees, 

sometimes to a depth of several feet. In naturally well-aerated soils 

the damage that may result from this practice is not so great or so 

soon apparent. Nospecial harm may result in such soils if the amount 

added is not more than a foot in depth, but where it exceeds this 

more gr less rapid asphyxiation of the roots and lower part of the 

trunk will follow. The tree may not be killed, but it will at least be 

greatly checked and stunted in growth, making it more subject to 

other diseases. 

The same troubles often result from too deep planting, especially 
in heavy soils. The deeper roots rot, and the tree makes a slow, 

stunted growth, and sometimes lasts for many years, when it either 

dies of its own accord, is blown over by the wind, or death is hastened 

by some parasitic disease. Large numbers of young trees set only a 

few inches too deep are killed in this way. 

Preventive measures.—In all cases where there is a lack of aeration 

steps should be taken to keep the ground around the trees stirred. In 

cities parking must be left, and where the ground is hard it should be 

frequently spaded to a depth of 6 to 8 inches, as already described. 

Where the ground has been filled in around the trees, the latter, if not 

too old, may be saved by removing small patches of bark down to the 

wood. Thisshould be done at points beneath the soil so as to induce 

the formation of new roots from the wounds. Some trees, like willows, 

poplars, beech, and horn beam, but especially shrubs, produce adven- 

titious roots just beneath the surface of the ground, and these are able 

to preserve the trees though the deeper roots may be killed. 

GASES AND OTHER POISONOUS SUBSTANCES IN THE SOIL. 

Asphyxiation of the roots of trees is sometimes produced by illumi- 

nating gas which has escaped from some gas main near by. It proba- 
bly also acts asa direct poison. Diseases produced by other poisonous 

substances in the soil or by too great concentration of substances not 

poisonous are too rare to warrant their treatment here. The injuries 
from escaping gas can be remedied only by stopping the leak, and 

after removing as much of the old soil as possible filling in with fresh, 

rich earth. 
DISEASES DUE TO ATMOSPHERIC CONDITIONS. 

As already pointed out, no sharp line can be drawn between the 

diseases due to conditions of the soil and of the air. As a matter 

of fact, a weakened state of the tree, due to certain conditions of 

the soil, will make it all the more liable to succumb to atmospheric 
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influences. Again, it may happen that very favorable conditions of 

the soil may start growth at a time when it might be injured by cold 

or other conditions of the atmosphere. 

DESICCATION, OR DRYING OUT. 

Young leaves and sometimes tender shoots which have pushed out 

during a spell of cold or cloudy, moist weather frequently wither and 

die when suddenly exposed to bright, hotsun. This is ordinarily called 

sun seald. It is not, however, a true scalding of the tissues, but is due 

to the fact that the latter lose water more rapidly than they can obtain 

it, and so wilt and dry out beyond the power of recovery. The excess- 

ive lossof water is brought about mainly by the leaves produced in very 

moist air not being adapted to resist excessive evaporation, even when 

there is an abundant supply of water in the soil and in the main parts 

of the plant. The trouble occurs more often in spring, when growth 

is rapid, and cloudy, moist days are followed by hot, dry ones. Later 

in the season the death of the margins and tips of the leaves of a 

great variety of trees, shrubs, and other plants is often observed. 

This is especially noticeable when a rather moist spring, favorable to 

growth, is followed by dry and very hot weather. Trees making a 

poor, stunted growth suffer most, although any tree is liable to injury 

if the right conditions prevail. In parts of the West and Southwest 
the disease described is produced in a very short time by hot, dry 

winds, which sometimes sweep over the country. Frequently the 

leaves are literally cooked, but oftener the edges wilt, turn red or pale 

yellow, and then dry up. 

Desicecation may also occur in the winter; in such cases parts of the 

tree or even the entire tree may*be killed. Evergreens, especially 

pines, are frequently seriously injured from this cause. A few warm 

days occurring at a time when the roots are frozen or when the ground 

is so cold that it hinders root action, cause the needles to turn reddish 

yellow and fall. Frequently only the tips of the needles at the ends 

of the branches are affected, and again young and exposed trees may 

be thoroughly dried out and killed. Cold, dry winds may bring 

about the same effects as warm ones with sunshine. Any conditions, 

in fact, which will cause a more rapid evaporation of water than the 

roots can supply will, if continued a sufficient length of time, even- 

tually result in the injuries described. 

Preventive measures.—In cases such as have been referred to it 

would be difficult to carry out remedial measures. In most instances 

the injuries are done before any steps are taken to prevent them, and 

of course it is then too late to save the tree or the parts of it that may 

have been injured. The efforts of growers, therefore, should be 

largely toward keeping the trees in such condition that the injuries 

may be prevented. The means of preventing summer desiccation, 

while simple in themselves, are not always easily carried out. In 
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cases where the injury results from imperfect root action owing to soil 

conditions, the latter may be changed by drainage, by cultivation, 

and in other ways by which more air is given to the roots. If the soil 

is too dry, as is often the case, its water-holding capacity may be 
improved by proper cultivation, by the addition of organic matter or 

humus, by mulching, ete. Top-pruning in dry seasons will often 

check the excessive demand for water and thus prevent injuries to 

the remainder of the tree. At present there seems to be no practical 

way of preventing the sudden damage which may be done by hot 

winds, except by copious watering of the soil, and even this may not 

always prevent serious injury, owing to the rapid evaporation at such 

times. 

In the matter of preventing the winter ‘‘blighting,” or drying out, 

of evergreens, every effort should be made to keep the roots in such 

condition that they can respond when a demand for water is made 

upon them. It is evident that if the soil is well dried out when winter 

sets in injury will result whenever the conditions already described 

prevail. When practicable, therefore, liberal applications of water 

to the soil may enable the trees to successfully pass through winters 

which, if such precautions were not taken, might prove injurious. 

Liberal mulching with straw or manure may also prove beneficial 

both as a conservator of the moisture and as a means of preventing 

the ground from freezing too deep and hard. 

The most trying time for the trees is when they are young and 

small, that is, before the roots have extended very deep into the soil. 

At very little expense, however, such trees may be protected from 

both wind and sun by straw. 

2} 

EXCESS OF ATMOSPHERIC MOISTURE. 

During periods of long-continued rains or fog, evaporation from the 

leaves of trees is slow, and asa result the entire plant becomes charged 

with water. One of the results of this is an unusual mechanical stim- 

ulation of growth, and this growth is increased by changes in the cell 

contents, which give the cell in question an abnormal attractive power 

for water. Under these conditions nutrition is interfered with and 

the growth produced is thin-walled, unhealthy, easily dried up, and a 

ready prey for insects and fungi. Older parts of the plant are affected 

by these conditions in various ways, one being the production of little 

warts and swellings by the abnormal growth of cells, as described 

above. These may appear on leaves or stems, the tissues of which 

still possess some power of growth. 

It often happens that leaves in the diseased condition described 

become water-logged in spots. This is especially common where 

two leaves are stuck together with a film of water, instances of 

which have been observed this year on the Norway, the hard, and the 

soft maples, as well as on various other trees and shrubs. The close 
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contact of the water with the cells of the leaf is very favorable to its 

absorption. Wet, translucent spots appear, especially around any 

little injury like the puncture of an insect or tear in the leaf surface. 

The presence of this water between these cells cuts off their supply 

of oxygen, and consequently they soon die and turn brown. The 

same trouble occurs when the leaf surface remains wet for twenty- 

four to forty-eight hours, even though not stuck to another leaf. 

The conditions about Washington, D. C., for example, have been un- 

usually favorable to this trouble during the present season. In early 

spring vegetation was at first a little retarded by cool weather, but 

this was suddenly followed by good growing weather, during which 

the leaves of most trees and shrubs, especially those of Norway maples, 

pushed out with great rapidity. This latter period was followed by 

one quite dry and warm, during which red spiders increased to unu- 

sual numbers, particularly on the lower and more protected leaves of 

the crown. After this came a period of several days of rainy weather, 

and many of the spiders were washed off, but the leaves where they 

had been working became water-logged, as described elsewhere. The 

Norway maples and horse-chestnuts suffered most, the leaves of these 

trees in many cases appearing to have been scorched by fire. 

Preventive measures.—W ater logging and other injuries resulting 

from an excess of moisture in the air are not easily prevented; in 

fact, it is questionable whether anything practical can be done in 

such cases. However, trees can be made much less liable to sueh 

trouble by proper care in planting, feeding, ete. As already described, 

such trees as Norway maple and horse-chestnut, which are peculiarly 

susceptible to injuries of this kind, require special care, and it is a 

question whether it would not be best in the end to discard them 

entirely where the conditions are such as to make it almost impossible 
to keep them in health. 

LOW TEMPERATURES. 

The injuries from freezing are closely related to those brought on 

by desiccation. In fact, freezing of the tissues is a drying out of the 

water which they contain. If the tissues are dried beyond the point 

where they are able to again take up water, they are killed. 

In a state of maturity and rest most of our trees and shrubs indige- 

nous to regions subject to frosts stand freezing without the slightest 

injury, provided they do not thaw out too rapidly. In case of plants 

introduced from warmer climates, however, all degrees of ability to 

withstand cold are to be found, some being killed by the slightest 

frost, while others appear to adapt themselves readily to the changed 

conditions and withstand quite severe freezing. The fact that trees, 

especially exotics, growing in wet situations are more easily injured 

by cold than those growing in drier places, is probably because the 

former do not mature their growth, while the latter do to a great 
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extent. This is true also as regards the more succulent parts of 

plants, which are notably more subject to frost injury than the drier 

portions. Smooth-barked trees sometimes have their trunks and 

larger branches injured on the southwest side during winter, the 

injuries being characterized by the death of large patches of bark. 

During the latter part of winter and early spring, when there are 

periods of several days of warm weather, the cambium on the south 

side of the trunk and larger limbs is stimulated to premature activ- 

ity. If the warm spell is followed by cold, freezing weather, these 

partially active areas will be killed, after which they gradually dry 

out, the bark, young wood cells, and cambium shrinking. After a 

time the bark separates from the wood and finally splits. This may 

not oceur until pretty well into the summer months, and may not 

then be evident except upon close examination. During rains these 

portions become water-soaked, various ferment and decay-producing 

fungi gain entrance, and the rotting of that part of the trunk begins, 

extending rapidly from year to year, until the tree either blows over 

or is killed. 

Cracks occur in a great variety of trees during very cold spells, 

especially when the fall of temperature is very sudden. It is a well- 

known fact that trees shrink under the influence of intense cold in the 

same way that felled timber does in drying. This shrinkage is due to 

the withdrawal of water from the cell walls, in the first case by freez- 

ing and in the second by evaporation. The extent of shrinkage is 

dependent upon the amount of water withdrawn. The cell walls of 

the outer new wood usually contain more water than do the walls 

of the heartwood. The outer wood will shrink in drying more than 

will the inner wood and will therefore split. The chance of splitting 

is greater when the outer-wood layers freeze before the inner ones, as 

they do during a sudden fall of temperature. This is Hartig’s expla- 

nation of frost cracks and the one which has the most experimental 

evidence in its favor. Other explanations have been given, but it will 

be unnecessary to discuss them here. The cracks usually close up 

again during warm weather and ultimately heal over, doing little 

damage to the trees from the standpoint of this article. 

Preventive measures.—The injuries to the trunks and branches by 

alternate freezing and thawing and the diseases resulting from them 

may be prevented by shading the parts exposed to the sun by means 

of a board set up on the south side of the tree, or, as is sometimes 

done, by screening the parts with straw, burlap, building paper, or 

other material which may be easily fastened to the trunk and branches. 

When once injuries of this kind have been produced, the dead areas 

should be cut out down to the healthy wood and the wound thus made 

covered with coal tar, varnish, or ‘‘ hard oil.” ?! 

1 Yearbook of the U. S. Department of Agriculture for 1895, pp. 257-300. 

=_ = 
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INJURIOUS GASES IN THE AIR. 

In the vicinity of manufacturing establishments and often in cities 

and villages where large quantities of bituminous coal are used, 

vegetation, especially trees and other woody plants, are frequently 

seriously injured by the fumes which are thrown off into the atmos- 

phere. Smelting works, fertilizing manufactories, brick kilns where 

soft coal is used, and similar establishments are the principal agen- 

cies involved. Frequently the injuries may be limited to a small area 

immediately adjacent to the factory or other place from which the 

fumes are given off. Again, the effects of gases may be seen for 

several miles, usually extending farthest in the direction of the pre- 

vailing winds. The effects of such gases on the trees are various, 

and it is often difficult to distinguish the injuries produced in this 

way from those resulting from purely climatic causes. From the evi- 

dence at hand it appears that the chief injury in such eases is due to 

sulphurous and hydrochloric acids, acting singly or in combination. 

The effects of these poisons are shown by the leaves turning reddish 

brown in spots or along the edges and eventually drying up entirely. 

The injuries are cumulative, certain branches of the trees being killed 

each year, while the others may make a feeble, struggling growth, 

owing to the cutting off of the food supply through the injuries to 

the leaves. 

Preventive measures.—The question of remedying or preventing 

such evils is an important one and may often involve complicated 

legal questions. It may happen that the establishment of a factory 

in a certain neighborhood will result in much injury to farmers in the 

immediate vicinity by destroying their trees and crops. All the evi- 

dence goes to show that little can be done toward mitigating the 

trouble in the way of special apparatus for collecting the gases, high 

chimneys, ete. The question therefore resolves itself into one respect- 

ing the rights of the farmer on the one hand and the factory owners 

on the other. These matters, however, are beyond the province of 

this article. 

FUNGOUS DISEASES. 

All portions of the tree are subject to the attacks of fungi—minute 

parasitic plants, whose vegetative parts, known as mycelium, pene- 

trate the tissues and by their action on them cause the various forms 

of blight, rot, ete. The fungi are rapidly propagated by means of 

spores and also in other ways, which do not concern us here. There 

is a very close relation between these organisms and the various other 

factors, such as the condition of the air, soil, ete., already discussed. 

In other words, the growth and development of the fungous parasites 

are intimately related to the condition of the host, which is in turn, as 

we have already seen, materially affected by the weather and by the 

soil. There are many fungi which under ordinary conditions could 
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never injure a tree, and yet if by some chance a favorable opportunity 

is offered they may prove quite destructive. (Fig. 54.) For example, 
a limb may be blown or eut off, hail may make a bruise, or in other 
ways wounds may be produced, and in these the spores of certain fungi 

may lodge and germinate and start decay that could not have been 

produced in any other way. Trees may succumb to the attacks of 

fungi only in certain stages of growth. Thus, young conifers are 

seldom affected by the disease known as canker, because any wound 

made in the trunk or branches is quickly covered with a coating of 

resin, which prevents the spores of the canker fungus from developing. 

When the trees get to be quite 

old, however, the wounds are 

not covered with resin and the 

spores of the canker fungus fall 

in these places, germinate, and 

spread into the surrounding 

tissue, and the tree is killed. 

On the other hand, the young, 

tender, rapidly growing tissues 

are more susceptible to the 

attacks of certain fungi than 

those older and better matured. 

With these introduetory re- 

marks, we may now pass to 

some of the diseases in detail. 

ROOT DISEASES. 

In considering any case where 

fungi are found attacking the 

roots the importance of the 

previous effects of soil condi- 

tions must not be overlooked. 

An injury or a weakened con- 

dition produced by any of the 

Fig. 54.--Trunk of maple showing epread of fun- ee already pointed out bk 
gous mycelium. permit the entrance and devel- 

opment of some disease-producing fungus which might not otherwise 

gain entrance or find suitable conditions for development. On the 

other hand, there are fungi which, while they are better able to develop 

under these conditions, are nevertheless able to gain entrance into and 

kill what appear to be perfectly healthy roots. 

SOUTHERN ROOT ROT.—This disease, which is produced by a fungus 

known as Ozonium auricomum, attacks a great variety of trees and 

other plants, including the elm, basswood, oak, cottonwood, mesquite, 

china tree, mulberry, ete. It also attacks cotton and the sweet po- 

tato—in fact, no plant appears to escape except the plum and some 

closely allied groups. 
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The disease first becomes apparent by the sudden wilting of the 

leaves, and soon the death of the tree follows. Examination of the tap- 

root and many of the other roots shows them to be dead and partly 

rotten, and thus unable to furnish the top with water or food. ‘Trees 

erowing in well-drained and well-aerated soils are seldom attacked, 

while those in soils very retentive of moisture are the first to succumb. 

The disease is confined largely to the Southern and Southwestern States, 

and is especially bad in wet seasons and where excessive amounts of 

water are used in irrigation. If the roots are examined closely, a 

whitish or usually yellowish-brown growth of loosely interwoven, hair- 

like threads will be seen on the surface and in the decaying tissues. 

These are not confined to decaying parts, but attack apparently healthy 

roots. Once inside, the fungus spreads rapidly through the cortex 

and wood, killing the cells and causing their decay. Only the myce- 

lium, or plant body, is known, and this is reproduced from branches 

or pieces which may be broken or washed off. It has been observed 

growing in decaying vegetable material taken from the side of an 

irrigating ditch which furnished water for pears, cottonwood, alfalfa, 

and other plants dying from the disease. It is probable, therefore, 

that it may sometimes be distributed in this way. It spreads along 

roots and decaying material from plant to plant through the soil, and 

its distribution may also be hastened by tools used in cultivation. 

Treatment.—It is seldom that a plant once attacked can be saved, as 

the trouble is not apparent until the root system is nearly destroyed. 

If there is any reason to fear this disease, trees should not be set 

on recently cleared land until the roots of the original vegetation 

have rotted and the soil is cleared of sticks, limbs, ete. If the 

trouble appears, the diseased trees should be removed, with as much 

of the root system as possible, and the roots burned; or it is still 

better to cut the tree down, leaving a stump 1 or 2 feet high, and 

then remove the earth about the roots and allow them to dry out. 
When dry enough the stump should be burned in its original position. 

Most of the fungus will in this way be burned and that in the neigh- 

boring soil killed. Every precaution should be taken to keep the 

soil well drained, well aerated, and free from weeds. 
IIONEY MUSHROOM (Agaricus melleus).—Another form of root rot 

is produced by the mycelium of the honey Agaric, or mushroom. 

The general appearance of the diseased plant is much the same as 

when attacked by the Southern root rot. Young trees may be killed 
within a year, but older ones show a weakened, stunted growth, and 

finally, after several years, dry up suddenly and die when a hot, 

dry spell comes on. Upon examination the bark at the base of the 

trunk and on the larger roots will be found to bedead. If a portion of it 

is removed, a white, leathery growth will be seen between the bark and 

the wood and between the different layers of bark. It may, often 

be taken out in large sheets of varying thickness. The same will be 

found between the cortex and wood of the roots. On the outside of 
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the roots and in the surrounding earth dark-brown strands, varying 

in thickness from one twenty-fifth to one-twelfth of an inch, will be 

found. These may in many cases be traced to the white mycelium 

between the bark and wood. It is simply the mycelium growing in 
a different form, as it is not subjected to pressure between the bark 

and wood. These Rhizomorphs, as they are called, spread a few 

inches under the surface of the ground from tree to tree, and thus 
large areas may become diseased from a single center. In the 
autumn, from the base of the diseased tree and from exposed roots 

and Rhizomorphs, the fruiting bodies of this fungus develop. They 

are yellowish-brown, and are from 3 to 8 inches high and 2 to 4 inches 
across the top. 

Treatment.—W hen once a tree is attacked by the fungus, there is 
no hope of saving it. If the tree is one of a group,it should be 

isolated by digging a ditch around it. The ditch should be dug deep 

and wide enough to get beyond the point where the brown strands of 

the fungus have reached. This precaution will be necessary only 
with the pines and allied trees, as others are not usually attacked 

unless first injured. 

POLYPORUS VERSICOLOR.—There is good evidence that this fungus, 
which is a very common one, may produce root rot in many trees. 

It is probable, however, that such trees have been previously weak- 
ened, thus giving the fungus an opportunity to get in. When it 

occurs on the side of a stump or root, it forms a thin, rigid, shell- 

shaped growth, extending out at right angles to the surface. Usually 

many grow together, more or less united to each other at the back. 

The individual shells vary in size from one-half inch to 2 inches or 

more in diameter. The concave surface is always down and is made 

up of a layer of very small pores, in which the spores are produced. 

This porous surface is usually of a whitish-yellow color. The upper 
surface is shining, smooth, and velvety, marked with various dull- 

colored zones. (Fig. 55.) 
The mycelium forms a white, felt-like covering on the roots, pene- 

trating and causing the decay of the bark and wood. The first indi-_ 

sation of the disease is in the decreased production or stunted growth 
of the wood and a tendency to overproduction of fruit. Examination 

of the roots of such trees reveals the white felted fungous strands, 

which continue to increase in abundance until the roots are nearly all 

rotted off. It is usually several years from the time a tree is first 

attacked until its death. 

The mycelium spreads from tree to tree along decaying roots, so 

that in the course of years the trees over large areas are destroyed. 

Healthy, vigorous trees, in good soil, are much less liable to succumb 

than those growing under less favorable conditions. Trees planted 

in soil which has been recently cleared are most liable to attack, first, 

because the fungus is abundant in the decaying roots, and, second, 

for the reason that after a few years the nitrogen becomes greatly 

decreased, as explained elsewhere. The trees which have up to this 
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time been highly fed and growing vigorously are checked by the 

decrease of soil food. If this is not at once remedied by fertilization 

Fia. 55.—Root-rot fungus (Polyporus versicolor). 

and cultivation of the soil, the fungus may gain a foothold and the 

tree is doomed. 
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Treatment.—In all eases the rapid changes in soil conditions which 

follow clearing should be guarded against by not planting until these 

changes have taken place and until the roots of the original vegetation 

have rotted and proper soil conditions have been established. If inju- 
ries occur on the larger roots or the base of the trunk, the places should 

be cleaned and coated with pitch or coal tar. Burning the stumps and 
roots of diseased trees where they stand is advisable if the condi- 

tions are favorable for the spread of the fungus. In the early stages 

of the disease the tree may often be saved and enabled to outgrow 

the trouble by removing the earth from the base of the trunk and 

larger roots, clearing them as thoroughly as possible of diseased tis- 

sue, and applying coal tar to the wounds. 

DISEASES OF THE TRUNK AND BRANCHES. 

RED ROT OF OAK (Polyporus sulphureus).—This disease is most 
common in oak, but it is also found in the chestnut, poplar, cherry, 

and willow. Hartig de- 

scribes if as parasitic 
also in locust, alder, wal- 

nut, and pear. As a 
parasite it gains en- 

trance to the body of 

the tree through some 

wound. The mycelium 

then spreads through 

the wood, causing it to 

dry, shrink, crack, and 

turn reddish brown. In 

the cracks the mycelium 

forms large sheets or 

felted masses, as in the 

case of the red rotof the 

firand pine. The inside 

of a trunk may become 

Fig. 56.—Fungus causing red rot of oak. completely rotten in a 

few years from this cause. Whenever any wound permits the myce- 

lium of the fungus to come to the surface, a large group of fruits are 

produced, extending out from the tree like brackets. The under surface 

is made up of a layer of thin-walled pores, whitish at first, then sulphur- 

yellow. The top is a whitish-yellow. The brackets are irregular in 

shape and size and are usually all grown together in an inseparable 

mass, which is usually from 6 to 20 inches or more across and from 2 

to 4 inches thick. (Fig. 56.) 

Treatment.—As the fungus ean not gain entrance except through a 

wound, it may be readily guarded against by properly earing for 

wounds, as suggested in other parts of this article. 

WHITE ROT OF OAK.—This disease is produced by Polyporus ignia- 

rius, a common fungus, which sometimes attacks the oak, hickory, 
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willow, andothertrees. The mycelium of the fungus grows through the 

wood, reducing it to a yellowish-white, spongy condition. The Poly- 

porus itself develops on the surface of the bark or wood. It is at first 

spherical in shape, but later assumes the form of a hoof, with the flat 

side turned down. 
Treatment.—The fungus seldom, if ever, attacks sound tissues, 

hence the proper care of wounds is all that is required to preserve 

trees from its attacks. 
There are numerous other fungi closely related to those described 

which may produce various kinds of rots in growing trees. Nearly 

all these gain entrance through cuts and wounds, hence the neces- 

sity of properly caring for these, especially during summer, when 

parasitic enemies of all kinds are active. 

MISCELLANEOUS FUNGOUS PARASITES OF THE STEMS AND BRANCHES. 

The fungi described under the previous heads have for the most 

part prominent fruit forms. There is another group much less con- 

spicuous, but which sometimes 

causes considerable injury. 

This group—the so-called black 

fungi(Pyrenomycetes)—usually 
appear as dark-colored pustules 

on the bark of the stems and 
branches. ‘The injuries in most 

cases are local, but in many in- 

stances a stem or branch may be 

completely girdled, and of course 

serious results will then follow. 

One of the common members of 
the groupis Nectria cinnabarina 
(fig. 57). It occurs on nearly all 
kinds of deciduous trees, attack- 

ing dead and wounded branches 

and occasionally wounded roots. 
The fungus can not kill the 

living cambium and cortex, but grows rapidly through the wood, 

causing it to turn black and die, while the cambium and cortex are 

still sound. The wood in this condition, however, is unable to con- 

duct water, so that the parts dependent on it dry up and die. 

Another species, Nectria ditissima, with bright red fruiting warts, also 

attacks a great variety of deciduous plants. Itspreads very slowly, how- 
ever (not more than 1 or2inchesinayear). The invaded tissue rots, but 
the surrounding healthy parts increase in growth, so that the part of the 

branch around the wound may become greatly distorted and swollen, 

producing what is ordinarily known as a canker spot. Nectria cucur- 

bitula causes a similar canker disease of conifers, especially the spruce. 
Various other canker-produeing fungi attack trees, but it is not 

necessary to enter into detailed descriptions of them here. 

Fig. 57.—Nectria cinnabarina. 
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Another class of fungi, belonging to the group of rusts, frequently 

“ause considerable injury to trees, especially conifers. The Peri- 

dermiums are probably the most destructive of these parasites, 

attacking stems, branches, and leaves, and causing various knots, 

swellings, and blister-like patches. 

Treatment.—From the nature of the fungi just considered, it will be 

seen that about the only means of checking them is to cut out and 

destroy the diseased parts as soon as possible. In many cases the 

injuries to trunks and branches are of such a nature that the diseased 

parts can be removed without trouble. This should be done, and all 

wounds thus made should be carefully covered with tar or grafting wax. 

FUNGOUS DISEASES OF THE LEAVES, 

In common with other plants, the leaves of shade and ornamental 

trees are subject to the attacks of many forms of fungi. Some of 

these produce local injuries, while others so affeet the leaves as to 

‘ause them to fall prematurely. In all cases where the leaves are 

affected it will be seen that the more they are injured the more serious 

the results to the tree as a whole, for the leaves are the laboratories 

in which the food is prepared, and any check or injury to them 

results in a check to the growth of the tree. Probably the most ¢om- 

mon fungous parasites of the foliage of trees are those producing 

various kinds of spot diseases. Maples, chestnuts, oaks, basswoods, 

sycamores, poplars, and various other trees are more or less subject 

to the maladies in question. These spots are produced by certain 

species of fungi, which attack the tissues, and by their action first 

weaken and then destroy them. The spots vary in color, size, and 

shape, and can usually be distinguished from those brought on by 

sun scald and similar agencies only by microscopic studies. 

Of the other diseases of the foliage, the powdery mildews and rusts 

are probably the most common. The former attack many trees and 

shrubs, producing a whitish, spider-web-like growth on the surface. 

A common example of this group of fungi is found in the mildew 
which occurs in late summer on the lilac. Maple leaves are also fre- 

quently attacked, and the same is true of the chestnut, willow, and 

other trees. The rusts are limited to a comparatively few groups of 

trees, among which may be mentioned the pines, poplars, and willows. 

Treatinent.—There is comparatively little that can be done toward 

checking these diseases. Spraying in many cases is not practicable 
on account of the size of the trees, and even if it were, it is questionable 

whether the injury resulting from the parasites is sufficient, except 

in some few cases, to pay for the trouble involved. As many of the 

fungi pass the winter either in or on the old leaves, burning these in 

the autumn may help materially in keeping the parasites in check. 
Careful attention to the needs of the trees in the matter of food and 

water will also go far toward freeing them from the attacks of such 

enemies as have been described. 



SOME MODERN DISINFECTANTS. 

By E. A. DE SCHWEINITZ, PH. D., M. D., 

Chief of Biochemic Division, Bureau of Animal Industry, U. S. Department of 

Agriculture. 

THE NATURE OF DISINFECTION. 

As the health of man is so largely dependent on the health of ani- 

mals, and the spread of nearly all diseases among men and animals is 

susceptible of control if proper methods of combatting the contagion 

are followed, it is a matter of considerable importance to understand 

where the dangers of infection lie and what are the best methods of 

destroying their cause. This process we eall disinfection. 

The primary cause of all diseases being recognized to be a bacte- 

rium, or sometimes a parasite, the source of infection may be removed 

by destroying the parasites or germs. Bacteria, in multiplying either 

inside or outside the animal body, often form compounds, frequently 

gases, that are exceedingly disagreeable, so that these dangerous ene- 

mies are often easily recognized. Different substances may be used 

to counteract these disagreeable odors, and it is sometimes thought 

that by destroying the noxious odors all danger has been removed. 

This, however, is not the case, as many substances will act as deodori- 

zers which are not germ destroyers. Again, we have other substances 

which will retard the action of germs and prevent their multiplica- 

tion, but will not kill them, while a true disinfectant destroys the 

germs, counteracts and destroys the disagreeable odors resulting from 

decomposition, and hence prevents danger of further spread of disease. 

It is to this latter class of substances, especially modern disinfectants, 

that attention will be called in this article, and the comparative merits 

of some of them, as developed by their use, will be pointed out. 

THE MERITS OF SOME DISINFECTANTS. 

STEAM AND BOILING WATER. 

The best disinfectants, where they can be applied, are steam and 
boiling water. There are some practical objections to them, however, 

on account of the difficulty of always obtaining them in a convenient 

place, and the injury to the walls of a room, articles of furniture, 

bedding, clothing, ete., resulting from their use. Hence, disinfect- 

ants which are more conveniently applied and do not injure materials 

with which they are brought into contact are preferable. 
255 
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CARBOLIC ACID. 

Though many new disinfectants have been recommended in its 

place, carbolic acid, so long known, has retained its position as one 

of the best disinfectants in surgical work, as well as for general pur- 

poses, when there are no practical objections to its use. In solutions 

varying from one-half of,1 per cent to 5 per cent in strength, it is a 

valuable destroyer of all disease germs. For disinfecting stables, 
barns, outhouses, feeces, expectorations, ete., a 5 per cent solution 

should be used. Its odor and poisonous properties are sometimes 

objectionable. Kiippe and Laplace found that crude carbolie acid 

when treated with sulphurie acid gave a product the disinfectant 

properties of which were increased with an admixture of cold water, 

but diminished in warm water. If this mixture is to be used, it should 

be prepared by stirring the sulphuric acid slowly into the earbolice 

acid with a wooden paddle in a wooden or iron receptacle. Frankel 

found that when crude carbolie acid was distilled it yielded a product 

boiling between 185° and 205°, which in a 5 per cent solution killed 

anthrax spores (among the most difficult to destroy) in twenty-four 

hours. Treated with sulphuric acid, the cold solutions again showed 

stronger disinfecting properties than the warm, which was supposed to 

be due to the fact that the sulpho-acids formed had weaker properties 

as disinfectants. 

SUBSTITUTES FOR CARBOLIC ACID. 

Subsequently, others succeeded in dissolving cresols, crude car- 

bolie acid, etc., in various soap solutions which could be substituted 

for the more expensive pure carbolic acid. A number of such prod- 

ucts as creolin, lysol, cresolin, cresin, ete., were offered as substitutes 

for carbolie acid, all being solutions in resin soap of the cresols and 

similar hydrocarbons. These preparations behaved differently when 
dissolved in water. Some gave clear solutions, others milky solutions, 

due toa partial decomposition of the compounds. An effort was then 

made to discover a substance which would dissolve these materials 

more readily and always give a clear solution. It was found that sali- 

cylate of sodium or some of its derivatives formed suitable menstrua, 

and the name solveol was given to a number of such preparations. 

Many articles have been written upon the action of these materials 

of various origin, showing that all had about the same value. A pure 

preparation of the cresols, a mixture of ortho, meta, and para cresol, 

was also put on the market under the name tricresol. It was found 

that this tricresol was about as soluble in water as carbolie acid, had 

three times its efficiency, and only one-third its poisonous properties. 

One of the preparations mentioned above, viz, creolin, is composed 

very largely of hydrocarbons, which are with difficulty soluble; it 

yields on the addition of water an emulsion. Sirena and Misuraca 

treated tuberculous material, such as sputum, with a 3 per cent to 5 
“a OEE EEE EEE EE ne _— OU 
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per cent solution of this substance one to two days and could notice 

no destruction of the germs. Tried upon anthrax bacilli and spores, 
its antiseptic properties were not marked. : 

A great many results where lysol has been used have been reported. 

Gerlach, who studied the subject thoroughly, concluded that lysol is 

more active than earbolie acid and creolin, and that disinfection of 

the hands is possible with a 1 per cent lysol solution; it is said to be 

more serviceable than any other agent in disinfecting sputa and feces. 

A 3 per cent solution, used as a spray upon the walls, will make them 

germ free, and as compared with carbolic acid, sublimate, and creolin 

it is much less poisonous. 

Of the many other disinfectants (a large number of which are 

derivatives of those already referred to), the majority, as aseptol, 

europhen, and the like, are more especially intended for medical and 

surgical use, and are either too expensive or for some other reason, 

such as difficulty of solubility, not adapted to household use or for 

purposes of general disinfection. 

FORMALDEHYDE. 

For many reasons, the best results in disinfecting rooms or build- 

ings can be secured by means of a gaseous disinfectant which will 

readily penetrate to all parts of a building and impregnate articles, 

such as upholstery, bedding, and the like, without injuring them. 

Sulphur dioxide was for a long time the least injurious gaseous disin- 

fectant known, but within a few years formaldehyde gas, or its 

solution in water, has begun to replace the other gaseous disinfect- 

ants. Though irritating to the mucous membrane, it is not nearly 

so disagreeable as sulphur dioxide; it is not as poisonous, nor is it 

injurious to metals, wood, or fabrics. 

In order that a disinfectant shall be thoroughly satisfactory, certain 

conditions must be fulfilled. In the first place, it should destroy 

- surely and quickly the most resistant forms and spores of injurious 

bacteria. It must be a substance that can be easily used, and be 

nontoxic and nondestructive to mineral or vegetable matters in the 

concentration necessary to insure complete disinfection. Further, 

it should be a substance which can be applied in a gaseous condi- 

tion, to secure thorough contact and penetration of the objects to be 

disinfected. Again, it must be a substance which is stable in char- 

acter, not easily decomposed, cheap, if possible possessing an odor 

which dissipates quickly, and a good deodorizer. To a certain degree 

formaldehyde possesses all these properties, and its practical use has 

been the subject of a number of investigations. Commercially, we 

find formaldehyde in the market as a 40 per cent solution of the gas in 

water or wood alcohol under the trade names of formalin and formol. 

The formaldehyde gas and its solutions can be prepared with great 

12 A96-——17 
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ease by the partial oxidation of wood alcohol. As early as 1888 the 
strong antiseptic properties of formaldehyde were recognized by Low, 
and in 1892 Trillat published the statement that a bouillon contain- 

ing 1: 50,000 of formaldehyde was not suitable for the growth of the 

anthrax germ. Aronson, after making similar experiments, tried the 

poisonous properties of the gas upon guinea pigs, and found that they 

could live for an hour in an atmosphere rich in formaldehyde gas. 

During this experiment the animals were very restless, but recovered 

very quickly in normal air. Zuntz had already shown that the poi- 

sonous dose for rabbits after a subcutaneous injection was about 0,24 

gram per kilo. 

In 1893 formaldehyde was recommended for the disinfection of 

brushes and combs, as well as for use to destroy the germs of diph- 

theria, tuberculosis, cholera, and the like on such materials as would 

be injured by other disinfectants. 

Another authority asserted in 1893 that after one hour in solution 
of 1:10,000 and after fifteen minutes in 1:750 anthrax and tetanus 

germs were destroyed. The results further showed that in the air 2.5 

per cent by volume of formalin, or 1 per cent by volume of formalde- 

hyde gas, was sufficient to destroy fresh virulent cultures of typhoid, 

cholera, anthrax, etc., in fifteen minutes. Other experiments have 

shown that bandages and iodoform gauze can be kept well sterilized 

by placing in the jars containing them some formaliths, a solid prep- 

aration containing formaldehyde, and it was also possible for Stahl 

to make carpets and cloth materiais germ free by spraying them with 

0.5 to 2 per cent formalin solution for fifteen to thirty minutes with- 

out the color of the carpet being in any way affected. The researches 

of Pottevin in 1894 confirmed those of Aronson and Trillat that a 
concentration of 1: 20,000 was safely a retardent of sufficient strength. 

In 1894 the deodorizing property of formaldehyde was explained to 

consist in a direct chemical combination of formaldehyde and sul- 

phureted hydrogen, or with ammonium compounds and their deriva- 

tives present in feces, decomposing animal matter, and the like. With 

scatol, one of the odorous constituents of the feces, formaldehyde 

combines upon the addition of acid to an odorless compound. 

As Walters has shown, so far as the action of formaldehyde in 

gaseous form is concerned, that is dependent upon the concentration 

of the gas, the temperature, and whether the articles to be disinfected 

are moist or dry. The killing of the germs appears to be better 

accomplished when the objects are very slightly moist (not wet), and 
the temperature is 35°. This is a property which has long been well 
known as belonging to sulphur dioxide, chlorine, and bromine. 

Of the practical methods of applying formaldehyde, those in which 

the gas is allowed to work in statu nascendi have given the best 

results. Several forms of lamps have been devised in which the for- 

maldehyde is obtained by the imperfect combustion of methyl] alcohol. 
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These have the advantage that the lamp can be filled and placed in 
the room or other closed place which it is desired to disinfect. They 

have the disadvantage, however, that some of the alcohol suffers 

complete combustion, that a certain amount of carbon monoxide and 

dioxide are also obtained, and that a little alcohol is lost and conse- 

quently a larger amount of alcohol is used than should be necessary. 

Practical experiments made by Miguel, Bardet, Trillat, and others in 

disinfecting rooms by means of these lamps have given very satisfac- 

tory results. The principle of the lamp is to allow the flame to burn 

over a wire mantle of platinum or a platinized asbestus wick. 

Two simple lamps for this purpose may be described here, the one 

designed by Professor Robinson, of Bowdoin College, the other by the 

writer. The latter can be readily understood from 

the accompanying illustration (fig. 58), the point 

being the use of a wick in whole or in part of plat- 

inized asbestus. The lamp is filled with alcohol, 

and the wick turned up slightly and Aghted in the 

ordinary way. After a minute the asbestus portion 

of the wick becomes heated to such a temperature 

that the platinum distributed over the surface will 

continue to glow and convert alcohol into aldehyde 

as long as the lamp remains filled. Professor Rob- 

inson’s lamp is described by himself as follows: 

I take a disk of moderately thick asbestus board and have 
it perforated with small holes close together. This is then 

platinized im the usual way, using quite a strong solution 

of platinic chloride. If now a shallow dish, cylindrically 

formed and of such size that the perforated asbestus disk 

will just cover its top, be partly filled with methyl alcohol, 

it serves as the lamp font. If the platinized disk be wet 

with alcohol, seized in a pair of forceps or small tongs, re- 

moved from the dish, and the alcohol lighted, it will, by th 

time its alcohol burns away, be heated sufficiently so that 

when placed over the lamp font again it will continue hot and change the alco- 

hol to aldehyde. Experience shows that with proper depth of dish and suitable 

holes for admission of air, the disk keeps of a proper redness to bring about the 

change most efficiently. The gasmayalso be applied by warming its solutions and 

better exhausting the air in a closed vessel containing formalin. If this solution is 

heated, some of the formaldehyde is polymerized and converted into an inactive 

form. 

The use of formaldehyde for the purpose of destroying the spores 

of smut by the action of 1:10,000 formalin solution has been recom- 

mended. In all experiments in using this material, attention must 
be paid to the fact whether reference is made to the formalin solution 

or to formaldehyde gas. It is probable that with a convenient method 

of generating the gas this might be used to advantage in destroying 

inseets injurious to vegetation. 

Walter has carried out a series of experiments with formalin and 
also with the gas which can be obtained from it. His experiments 

maldehyde lamp. 
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were made first by preparing different kinds of culture media to which 

formalin had been added in different proportions. The resultsof these 

tests upon anthrax spores, cholera, typhus, and diphtheria germs 

showed that the proportion of 1:10,000 or 1:20,000 of formalin, or 

1: 25,000 of formaldehyde gas, is sufficient to check the growth of the 

germs. When the gas is used, the Staphylococcus pyogenes awreus 

seems to be the most resistant, while, strange as it may appear, the 

spores of anthrax, so difficult to kill by most germicides, are very 

easily destroyed by formalin. This is one of the principles laid down 

by Koch that some substances would be found which were destructive 
to pathogenic bacteria, but were less injurious to ordinary germs. 

In order to prove the value of formalin on a large scale for the dis- 

infection of clothing, Walter used a soldier’s blue mixed with red 

color, which he immersed in a culture of the pure germ, so that the 

cloth was thoroughly saturated. Stripswere then cut off, placed under 

a bell jar, and sprayed with formalin solution varying in strength 

from 3 per cent to 10 per cent. The strips were left in the bell jar six 

hours. After that time tests were made by cultures from these strips, 

check strips being used at the same time. There was no change pro- 

duced in the color of the cloth, and the red was, if anything, a little 

brighter. The germs which had penetrated deeply into the cloth were 

all killed, just as were those upon the surface. This can be explained 

probably by the fact that the articles being surrounded with the jar 

the gas was forced deeply into the interstices of the cloth and killed 

those germs which could not be reached by the solution. The 3 per 

cent solution gave just as satisfactory results as the stronger solutions. 

The preliminary experiments that Walter made with the gas to 

prove the availability of formaldehyde for the disinfection of clothing, 
etc., without injury to the latter were satisfactory except with refer- 

ence to the length of time required. This, however, was due to the 

practical details of the method, as the source of the formaldehyde was 

either the powder placed under a bell jar or a lamp used in a room 

which was poorly adapted to the purpose, there being too many open- 

ings for the escape of the gas. 

SUMMARY. 

The results of all investigations have led to the following conclu- 

sions: 

1. Formalin in concentration, 1: 10,000, makes the growth of tuber- 

culosis, anthrax, cholera, typhus, pus, and diphtheria germs impossible. 

2. In gaseous form a weak dilution is sufficient to check growth. 

3. A 1 per cent solution will kill pathogenic organisms in an hour. 

4. With a 3 per cent solution and the final addition of alcohol it is 

possible to make the hands germ free. Whether the skin of the hands 

is attacked by this method remains to be proved. 

———K— lc 
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5. Spraying with formalin solution and subsequent inclosure of the 
articles in a closed space will easily sterilize them. 

6. Uniforms, ete., can be disinfected on a large scale without 

injury, twenty-four hours being required. 

7. Feces are deodorized by a1 per cent solution, and are in thirteen 

minutes germ free; and buildings can be readily disinfected by a 

1 per cent to 1.5 per cent volume of the gas. 

- 8. Formaldehyde is a useful etching material and preservative. 

As compared with other disinfectants, such as corrosive sublimate, 

earbolie acid, lysol, ete., formaldehyde and its solutions have the 

advantage of not being retarded in their action by albuminoid mat- 

ter and of not injuring the articles to which they are applied. Their 

use therefore seems to be well recommended and to fill many require- 

ments which are not now fully met by other disinfectants. Especially 

is this the case in disinfecting rooms, clothing, bedding, railroad 

cars, etc. 

Experiments made by Roux, Trillat, and others upon the use of 

formaldehyde vapor for disinfecting rooms have been very satis- 

factory, in that the bacilli of anthrax, tuberculosis, and diphtheria 

have been killed within five hours by a saturated atmosphere of formal- 

dehyde gas. After two days of thorough ventilation no odor remained 

in the room, nor were the objects which had been exposed to the 

action of the gas in any way injured. An objection to the use of 

formaldehyde has been raised because it adheres somewhat tena- 

ciously to clothing and upholstered materials and the odor dissipates 

slowly. This, however, can be removed by thorough ventilation or 

by the use of a dilute solution of ammonia, which readily absorbs the 

gas. Placed in a room where formaldehyde has been used as a disin- 
fectant, this would aid in a more rapid dissipation of the odor and 

not injure the materials. It would seem that in formaldehyde we 

have at hand the most useful disinfectant yet known, the application 

of which is a mere detail to be easily worked out in practice. 

It also appears to be useful as a means of preserving food, milk, ete. 

Its effect upon the digestive ferments has not been thoroughly studied, 

but the quantity used for preserving milk, 1 part to 10,000, should be 

too small to give rise to any bad result, and none has been noted in 

practical use. Its influence in this connection should be carefully 

studied before it is generally recommended. 

While testing the action of this gas upon the cattle tick recently, 

its action upon the respiratory organs of cattle was noted. A calf 

was kept for five hours in an atmosphere containing about 2 per cent 

of formaldehyde gas. During this time there was a slight watering 

from the eyes and it coughed occasionally, but it did not seem to be in 

any special distress, and as soon as it was brought into the fresh air 

again it was all right and showed no bad after effects. This fact may 

prove of importance in disinfecting stables and the like. 
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Another direction in which formaldehyde promises to be of practieal 
importance is in the disinfection of imported hides, which may carry 
contagion, especially anthrax. The rapid action and penetrating 

power of this gas bids fair to overcome the practical difficulties hith- 

erto attending the use of disinfectants for this purpose. 

In regard to the use of formaldehyde, it is of importance to know 

the percentage of gas which will be necessary to disinfect a room of 

given size and what percentage should be used in any given disease. 

If the alcohol used is entirely converted into aldehyde by the lamps, 

as indicated, 1 liter of pure wood alcohol will give 748 grams of alde- 

hyde = 361 liters of this gas. The capacity of a room of 1,000 eubie 

feet is 28,684 liters, so the above quantity of alcohol would give 1.26 

per cent aldehyde in a room of this size. 
Experiments have shown that very much less than 1 per cent by 

volume of this is destructive to injurious bacteria, but an atmosphere 

containing 1 to1.5 per cent by volume will give satisfactory results in 
six to thirteen hours in all cases. When the volume of the gas is 

increased, the length of time necessary for the disinfection is con- 

siderably decreased. 

Of the mineral salts recommended as disinfectants in the solid form, 
many are deodorizers and not true disinfectants. Others, like cor- 

rosive sublimate, are too poisonous, or can not be used with good 

effect in presence of albuminoid matter. Oneshould always remember 

the difference between destroying the cause of infection, the only 

safeguard, and simply removing disagreeable odors. 

Boiling water and steam are excellent disinfectants when they can 
be applied, but best of all for general disinfection are formaldehyde 

gas and its solutions. ' 

It should be noted that a 40 per cent solution of formaldehyde gas 

can be purchased for one-fourth the price paid for formalin, which is 

exactly the same thing. 



MIGRATION OF WEEDS. 

By Lyster H. DEWEY, 

Assistant in Division of Botany, U. S. Department of Agriculture. 

GENERAL REMARKS. 

A large proportion of the plants growing along roadsides, on waste 
ground, and in plowed fields in the older cultivated parts of this 

eountry are migratory weeds. They were not native where they are 

now found, but have appeared since the introduction of cultivation. 

They have come from other countries, or from other places in this 
country, and their offspring, in 

turn, is likely to be disseminated 

stillfurther. A migratory weed isa 
plant which is continually spread- 

ing to new areas, and which there 
increases to such an extent as to 

be injurious. 

The methods of weed migration 

fall into two classes, the natural, 

in which the dissemination is un- 

aided by man, and the artificial, 

including the many ways in which 

the distribution is somehow fur- 

thered by human agency. 

WEED MIGRATION BY NATURAL 

MEANS. 

Natural methods are all those 
in which the dispersion is accom- 

plished through the powers of the 

plant itself cooperating with its 

Serroument exclusive of hima '16-5%—Orange hawkweed: a, runners; b, 
e : akene, or ‘‘seed’’—natural size and enlarged. 

agency. Natural methods in turn 

subdivide into two classes according as the dispersion is not oris aided 

by some external locomotive agent, as wind or water. 

RUNNERS. 

Among the methods of the first class is spreading by runners, that 

is, by slender radiating branches, producing plantlets at the nodes, 

which take root inthe ground. Cinquefoil (Potentilla canadensis) is 
a typical example of this class, with runners extending 10 to 30 inches 

263 
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from the parent plant. Bermuda grass (Capriola dactylon), north of 
the Gulf States, spreads almost exclusively by runners, as it rarely 

produces seeds in cooler latitudes. Its runners often grow 8 or 10 feet 

in a single season, enabling it quickly to cover with a beautiful green 

either the front lawn or the vegetable garden. Orange hawkweed 

(Hieracium aurantiacum) (fig. 59) produces numerous runners 6 to 15 
inches long. Though comparatively short, they enable the plant to 

multiply and form dense patches to the exclusion of other vegetation. 

ROOTSTOCKS, 

A common independent method of spreading is by underground 

stems, called rootstocks, or rhi- 

zomes. These run along below the 

reach of the mowing machine or of 

grazing animals, and often too deep 

to be disturbed by surface cultiva- 

tion. They produce buds at their 

numerous scaly nodes, and these 

buds develop into new plants in ex- 

actly the same manner as branches 

are produced above ground. St. 

John’s wort, sorrel, ramsted, per- 

ennial ragweed, and eagle fern all 

have rootstocks from 10 to 50 inches 

long, enabling them to spread short 

distances. Among the most nota- 

ble examples of rootstocks are those 

of couch grass (Agropyron repens) 
(fig. 60) and Johnson grass (Sor- 
ghum halepense), which often grow 

to a length of 10 to 15 feet in one 

season, furnishing these grasses 

with a means of rapid distribution 

and propagation, a character mak- 

ing them at once most valuable 

in the pasture and meadow and most pernicious in cultivated fields. 

Fic. 60.—Couch grass, showing rootstocks. 

RUNNING ROOTS. 

Some of the weeds which are most difficult to eradicate are prop- 

agated from running roots. Such are Canada thistle (Carduus 
arvensis) (fig. 61), horse nettle (Solanum carolinense), milkweed 
(Asclepias syriaca), and showy spurge (Huphorbia corollata). These 
roots often branch and form a complete network extending horizon- 

tally at a depth of 6 to 30 inches below the surface of the ground. 

They have no nodes, scales, or apparent buds. The absence of these 
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organs distinguishes them from rootstocks, or rhizomes. They are 
capable of producing shoots at almost any point. Prof. A. N. Prentiss, 
of Cornell University, demonstrated by experiment that a Canada 

thistle root eut into pieces one-fourth of an inch long can produce 

shoots from nearly every piece. Pulling up plants which spring from 
running roots rarely injures the root system. The plant pulled up 

usually breaks off at the point where it is attached to the horizontal 
root, leaving the latter undisturbed. The horizontal root system is 

often below the reach of the plow, and while the farmer is industri- 

ously mowing, pulling, and cultivating to destroy the plants which 

appear above ground the root system remains uninjured except for 

the loss of nourishment, and con- 

tinues to send up new shoots which 

will grow as soon as the cultiva- 

tion is relaxed. In fact, the only 

practicable methods of killing 

roots of this class are to starve or 

exhaust them by preventing the 

growth of any shoots above ground 

during several successive years 

and to poison them with kerosene, 

brine, or acids, or other chemicals. 

SEED-THROWING APPARATUS. 

One of the most interesting yet 

least known methods by which 

plants travel short distances is by 

throwing their seeds. When the 

pods of the common tare (Vicia 
sativa) (fig. 62, a) are mature, they 
dry in such a manner as to produce 

a strong oblique tension on the two 

valves or sides of the pod. The 

valves finally split apart and curl Span ad tnd onahicce ateee Gnoree 
spirally with such a sudden move- __how the pappus, or “ thistle-down,” is de- 

ment as to throw the ‘“‘peas” sey- _ ®be4. 

eral feet. In many of the species of spurge (Huphorbia) the seeds 
are tightly pressed by the sides of the ripening capsule, and they are 

finally expelled with considerable force in much the same manner as 

a lemon seed is thrown by pressing it between the thumb and finger. 
The seeds of wood sorrel (Oxalis stricta) are packed in rows in the 
small, erect, green pods (fig. 62, b). Each seed is surrounded by a 
very elastic transparent covering, and as it ripens and forces its way 

out through the opening at the side of the pod this covering splits 

down one side and turns inside out with a force that is often sufficient 
to throw the seed several feet (fig. 62, d, e). The small-flowered 
geranium (Geranium pusillum) has each one of its five seeds fastened 
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to a separate section of the flower style. When the seed ripens, these 

sections of the style become dry and develop into strong springs, 

which break away at the bottom and by curving upward throw the 

seeds (fig. 62, f, g). 
While by this class of methods plants are able to travel only com- 

paratively short distances, they are, on the other hand, enabled 

completely to cover infested areas, and when once established are 
not easily removed. 

In the second class of natural methods of dissemination the plant 

avails itself in some way of natural locomotive agencies external to 

itself. There are three such agencies which aid very much in the 

migration of weeds. These are wind, water, and animals, the most 

important being the wind. 

FLYING SEEDS. 

Many weed seeds have special adaptations, enabling them to be 

carried through the air by the wind, Dandelion (Taraxacum taraz- 

: a 4 

Fia. 62._Seed-throwing by plants: a, pod of common tare; b, pods of wood sorrel; c, transverse 

section of pod enlarged; d, outer seed-coat turned inside out; ¢, seed thrown from the outer 

coat; f, mature fruit of small-flowered geranium; g,same enlarged. 

acum) (fig. 63, a, b), prickly lettuce (Lactuca scariola), Canada thistle 
(Carduus arvensis) (fig. 61, b, c), horse weed (Hrigeron canadensis), 
and many other seeds, or akenes, of the composite family have a feath- 

ery down, or pappus. The seeds of milkweed (Asclepias) (fig. 63, c), 
dogbane (Apocynum), and willow herb (EHpilobium) are each provided 
with a tuft of hairsorcoma. Penny eress (Thlaspi arvense) (fig. 63, d) 
has a winged pod inclosing the seeds, and drop-seed dock (Rumez 

hastatulus) a winged calyx. Broom sedge (Andropogon virginicus) 
(fig. 63, e, f, g) has hairs upon the flower stems and upon the glumes 
surrounding the seeds. These examples illustrate the principal adap- 
tations by which the seeds of weeds in this country are borne upon 

the wind. The winged seeds of the rock cress, the keyed fruits of the 
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maple and elm, and the downy fruits of the willows and poplars are 
examples of special adaptations for distribution by the wind, but 

these plants‘are not classed among our troublesome weeds. 

The distance which this class of seeds may be earried by the wind 
may easily be exaggerated, being ordinarily not more than 2 or 3 

miles, or in hurricanes perhaps 10 or 15. There are no well authen- 

ticated accounts of seeds traveling long distances in this manner. 

The seeds of dandelion, Canada thistle, and milkweed are all very 
easily detached from their downy parachutes, and when the latter are 

seen floating about on light breezes one may be reasonably certain 

that their seeds are already gone. 
The proportion of our really troublesome weeds of which the seeds 

have adaptations for flight is small, being less than 10 per cent. Of 

the weeds which have spread with remarkable rapidity during the 

past ten years, only the prickly lettuce and the orange hawkweed dif- 

Fra. 63.—Seeds carried by the wind: a, dandelion, akene with stalked pappus; b,same enlarged, 
stalk broken; c, milkweed seed with coma; d, winged pod of penny cress; e, panicle of broom 

sedge; f, spikelets detached; g, spikelet enlarged. 

fuse their seeds inthis way. It is further true that few of the annual 
species of this class, which have no means of propagation but their 
seed, take exclusive possession of the ground, as do the annual rag- 

weeds, dog fennel, and marsh elder, the seeds of which fall near the 

parent plant. On the other hand, none of the pappus-bearing weeds 
are more thoroughly distributed over large areas than are button- 
weed, pigeon grass, crab grass, and other weeds, which appear to have 
no special means of distribution. 

DRIFTING OVER FROZEN GROUND OR SNOW. 

A partial explanation of the distribution of many of our most com- 
mon weeds lies in the fact that their seeds are blown over the frozen 
ground or over the snow. Of this class are ragweed (Ambrosia artem- 
siefolia), giant ragweed (Ambrosia trifida), buttonweed (Diodia teres), 
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and barnyard grass (Panicum crus-galli). Their seeds are produced 
late in the season, and some of them are held with such tenacity that 

they are dislodged only by the strongest winds when tke conditions 

are favorable for their being carried some distance, the ground being 

frozen or covered with snow. This method of seed dispersion accounts 

in part for the roadside distribution of ragweed, mayweed, and similar 

plants which grow between the wagon tracks and the grass along 

Northern highways. This weed border is less clearly marked in the 
South, where there is less snow and less frozen ground to offer a smooth 

pathway for the drifting seed. It also accounts in part for the fact 

that weeds are distributed much more rapidly over fields left bare 

during the winter than over those which are covered with some crop 

which will catch the rolling seeds. In experiments conducted by 

Prof. H. L. Bolley, Agricultural College, Fargo, N. Dak., wheat grains 

drifted over snow on a level field 30 rods in one minute with a wind 

Fic. 64.—Winged pigweed, a typical tumbleweed in form: a, small branch with leaves and 

flowers—natural size. 

blowing 25 miles an hour. Lighter or angular grains were found to 

drift more rapidly. Numerous seeds of barnyard grass, pigeon grass, 

penny cress, and ragweed were found in drifted snow taken from a 

frozen pond and from a plowed field, in each case several rods distant 
from standing weeds. 

TUMBLEWEEDS. 

The distribution of weed seeds by the plants rolling as tumbleweeds 

has been particularly brought to notice during the past few years by 
the Russian thistle (Salsola kali tragus), which has furnished a nota- 
ble illustration of the effectiveness of this method. Tumbleweeds 
are most numerous and are best developed in the prairie region, where 
there is little to impede their progress and where there are strong 
winds to drive them onward. An ideal tumbleweed should be 10 
inches or more in diameter, spherical or circular so as to roll well, 

1 Bulletin No. 17, Experiment Station, Fargo, N. Dak. 
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thickly branched so as to catch the wind, light, yet strong enough to 
hold together, supplied with abundant seeds clinging to the plant 

with considerable tenacity so as to drop gradually as the plant trav- 

els along, and fitted with some adaptation enabling it to break loose 

from the ground. One of the best examples of tumbleweed is the 

winged pigweed (Cycloloma atriplicifolia) (fig. 64). In addition to 
this the following are among the best developed tumbleweeds on the 

prairies west of the Mississippi River: Tumbleweed (Amaranthus 

albus), low amaranth (Amaranthus blitoides), bug seed (Corispermum 
hyssopifolium), and buffalo bur (Solanum rostratwm). These are all 
annual plants and all native, as 

are nearly all our tumbleweeds. 

Two notable exceptions are Rus- 

sian thistle and tumbling mustard 

(Sisymbrium altissimum), which 
have been introduced recently from 

Europe. But tumbleweeds also 

abound in the Eastern States, 

though here they are smaller and 

less aggressive, and hence attract 

less attention. They can fteadily 

be found by examining open 

ditches, gullies, or fence corners at 

any time from midsummer to late 

in the winter. These will usually 

be found filled with dried bushy 
weeds which have not grown there. [7 

Prominent among these weeds 

early in the season is hair grass 

(Agrostis scabra); later we find old 
witch grass (Panicum capillare) 
(fig. 65), and meadow comb grass FLD bit. 

(Hragrostis pectinacea). After Fria. 65.—Old witch tees a, panicle detached. 
the ground is frozen in the fall the 1 Ee : 
number of species which roll as tumbleweeds increases and many 

coarser plants are included. 
The manner of breaking loose is a most important character in tum- 

bleweeds. Most of the tumbling grasses have large spreading pani- 

cles which usually become detached by the stalk pulling out of the 

upper sheath; but in the case of Schedonnardus texanus the ball is 

formed of several plants with curved stems matted together. The 

coarser tumbleweeds are set free in various ways. Some of those in 

sandy lands have a rather small root, which is pulled out by the force 

of the wind. Some are twisted and broken off by the wind after the 
ground is frozen. Some are attacked by fungi at the base of the main 

stem, which weakens them so that they break off readily at maturity, 
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Others are eaten off by insects, and still others are so highly devel- 
oped in this respect that they form a kind of node and callus, and 

_ break off at maturity in practically the same manner as a mature leaf 

breaks from a tree in the fall. 

Efforts have been made to check the progress of tumbleweeds, or at 

least of the Russian thistle, by building fences. These efforts have 

been suceessful only in a very small degree, as the weeds pile up and 

are blown over the tops of the fences, and also the detached seeds are 

blown through. It will doubtless be found in practice quite as diffi- 

cult to check the progress of tumbleweeds as to check the dispersion 

of seeds by aerial flight or by drifting over the snow or bare ground. 

In any case the only safe and thoroughly effective method is to destroy 
the ‘weeds before the seeds reach maturity. 

SEEDS CARRIED BY WATER. 

Water, next to wind, is the most important natural agent in the dis- 

tribution of weed seeds. Every dashing rain carries innumerable 

seeds in the muddy little hillside rivulets it creates. Some of these 

seeds are likely to be carried on through larger and larger streams 
until they reach a river. The chances of finding a lodgment suitable 

for germination and growth are exceedingly small for seeds of high- 

land weeds floating on river currents, but that many of them do ger- 

minate and grow we have abundant evidence in the species which 

appear along the river banks after every freshet. Seeds doubtless 
make longer journeys in this manner than by any other natural means 

except ocean currents and migrating birds. Most of the seeds which 

are carried long distances by the ocean currents are those of maritime 

plants which are especially adapted for floating and for retaining their 

germinative vitality insalt water. Wehave no record of any noxious 

weeds migrating in this manner. 

The distribution of weed seeds by water is of special importance in 

regions wheze irrigation is practiced. The Russian thistle was intro- 

duced in 1892 near the upper waters of the Arkansas River in Fre- 

mont County, Colo. The freshet in this river in the spring of 1894, 

together with the use of its water for irrigation, scattered the Rus- 
sian thistle in a single season over many of the farms throughout the 
valley as far as the eastern line of the State. It has since traveled 

down the river and infested irrigated lands nearly one-third of the 

way across the State of Kansas. This plant has also spread exten- 

sively in irrigated lands along the Platte River in northern Colorado 

and along the Snake River in southern Idaho. We should doubtless 
find a similar record for the cocklebur, giant ragweed, high-water 

shrub, sunflower, and many other weeds if their histories could be 
traced in irrigated lands. The banks of irrigating canals and ditches 

offer exceptional advantages for the growth of highland weeds, and too 

often these weeds are permitted to ripen seeds which are carried by 
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the water to all the farms below. Seed dispersion by irrigating water 

could to a large extent be prevented by destroying the weeds on the 

banks of the canals, and the question is simply whether this would 

not be cheaper than fighting the weeds after they have spread over 

the fields. Plants for binding the soil are riceded on canal banks, but 
the root systems of noxious weeds are rarely of much value for this 
purpose. The place of the weeds could be well taken by soil-binding 

grasses that would be harmless in the fields. 

SEEPS CARRIED BY ANIMALS. 

A third natural means of weed migration lies in the transporta- 

tion of seeds by animals. Therunning blackberry, pokeweed, black 

nightshade, poison ivy, and a few other weeds have berries which are 

eaten by birds. The hard seeds of these berries pass undigested. 
The cowbird, red-winged blackbird, sparrows, and other seed-eating 

birds feed largely upon the seeds of pigeon grass, knotgrass, dande- 

lion, thistles, and ragweed. When these seeds are abundant, the 

birds sometimes eat more than they can digest, and thus they may 

carry undigested seeds to new localities. Migrating birds flying at 

the rate of 100 miles per hour may perhaps carry weed seeds in con- 

dition for germination to a distance of several hundred miles, but it 

is generally supposed that they do not fly long distances with full 
crops. There are not sufficient data upon which to base a definite 

statement as to how far weed seeds may be carried in this manner, 

but it may be safely asserted that the benefits due to the destruction 

of weed seeds by seed-eating birds outweigh a thousandfold the 

damage arising from their distribution of the seeds. 

The smaller and harder seeds eaten by well-fed cattle and horses 
usually pass undigested, unless they happen to be crushed by the 

teeth in chewing the food. In this manner, as these animals wander 

from field to field or are driven along the road, they doubtless become 

to some extent responsible for the distribution of nut grass and some 

of the mustards, dodders, cinquefoils, and plantains. Without arti- 

ficial aid in transporting hay and grain containing the weed seeds and 

in carrying the manure from the barns to the fields this method of 

weed dispersion is of comparatively little consequence. The most 

important way in which animals, either wild or domesticated, aid in 

the distribution of weeds is by bearing the seeds on their coats. This 

is made possible by the hooks which are produced on the seed vessels 

of a great variety of plants, making them together or singly into 

burs, “‘stick-tights,” ete. These structures appear in a great variety 
of forms, of which the following are a few typical examples: The 

akenes of the tall crowfoot (Ranwnculus acris) and several other spe- 
cies of the genus Ranunculus are enabled to cling by means of their 
persistent hooked styles. The pods of wild licorice (Glycyrrhiza lepi- 

dota) (fig. 66, a, b) are covered with hooked spines. The wild carrot 
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(Daucus carota) produces umbellate clusters of two-seeded fruits, 

each fruit armed with rows of small barbed hairs. In the composite 
flower of the Paraguay bur each separate scale of the inner involucre 

enlarges and becomes hard and spiny, carrying with it a seed, or 

akene. The involucral seales of Apache bur and creeping bur rag- 

weed (Gerineria) and the cocklebur (Xanthium) (fig. 66, c, d) unite, 
forming hard spiny burs. In the place of the downy pappus adapting 

the seeds, or akenes, of the thistle and dandelion for aerial flight, the 

akenes of bur marigold and beggar’s ticks (Bidens) (fig. 66, e, f) have 
two to four barbed awns, enabling them to adhere to the hair of ani- 

mals. The burs of the burdock (Arctiwm lappa) (fig. 66, g, h), which 

are almost ideal for the purposes of seed distribution, are composed of 

a ripened head surrounded by involueral scales with attenuate hooked 

i 

Fic. 65.—Burs and seeds carried by animals: a, pod of wild licorice; b, transverse section of same; 

c, cocklebur; d, transverse section of same; e, akene, or “seed,’’ of bur marigold; f, same, side- 

view; g, burdock bur; h, akene, or ‘‘seed,” of burdock; 7, fruit of hound’s tongue with four 

nutlets; k, nutlet, natural size; 7, nutlet, enlarged; m, bur of bur grass. 

tips. Each bur contains numerous seeds, which are distributed as the 

bur is carried along. Hound’s-tongue (Cynoglossum officinale) (fig. 66, 
1, k,l) and several other species of the borage family have one-seeded 
nutlets, the surface of each nutlet being covered with short hooked or 

barbed prickles admirably adapted to cling to the hair of passing ani- 

mals. The burs of bur grass (Cenchrus tribuloides) (fig. 66, m) are 
formed by a hard spiny involucre inclosing the ordinary grass spike- 

lets. The spines of these burs are rigid, minutely barbed, and exceed- 

ingly sharp, making them more injurious in wool than the burs of any 

other species found in North America. Bur grass is native in the 
Atlantic Coast region, but it has been introduced in nearly all parts of 

the United States where sheep raising is carried on extensively. The 

barbed stipes and awns of musky alfilerilla, porcupine grass, squirrel 
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tail, and red chess furnish means by which the seeds of these plants 
attach themselves to the coats of animals. 

Many species of cacti have detachable spiny fruits and some détach- 
able joints armed with barbed or hooked spines. Cactus plants are 

not generally regarded as troublesome weeds and the spiny joints are 

not technically burs, but they perform the office of burs in distrib- 

uting and propagating the plants,and they cause the same kind 

of injury to wool and annoyance to animals that are caused by burs. 

The various methods now considered by which seeds are distributed 

without human aid are effective over moderate areas, but are inade- 

quate to explain the long and rapid migrations of weeds of which we 

have such notable examples in recent times. Seeds are rarely 

carried long distances by any of these methods, and when restricted 

to them plants make comparatively slow progress. Buffalo bur 

(Solanum rostratum), an admirable tumbleweed, native along the 
eastern base of the Rocky Mountains, had not crossed the plains 

to the Mississippi River until the emigrant trains began crossing in 

1849. Squirrel tail (Hordeum jubatum), native throughout most of 
the Rocky Mountain region from Montana to Mexico and along our 
Atlantic coast, first became a weed east of the Mississippi River after 

its introduction with Western hay, although its brittle spikes with 

long barbed awns are well adapted for distribution by both wind and 

animals. The common dooryard plantain (Planfago major), although 

native in British America as well as in Europe and Asia, was evi- 

dently rare in the United States before the coming of Europeans. 

The Indians called it ‘‘ white man’s foot” because it seemed to spring 
up wherever the white man went. Our introduced weeds have rarely 

spread in advance of the sheep herder or the lumberman. We are 

foreed to the conclusion that the plants which have become weeds of 

the farm have spread more through the agency of man than through 

all the natural agencies combined. Man tills the soil, subdues the 

native vegetation, and creates the conditions under which plants 

become weeds. He also introduces and distributes the seeds, unin- 

tentionally in most cases, but nevertheless effectively. 

WEED MIGRATION BY ARTIFICIAL MEANS. 

An analysis of the various artificial means of weed migration can 

not fail to impress one with their comparative importance, and it may 

lead to a recognition of ways in which artificial distribution can be 

checked. 

ROOTS AND SEEDS CARRIED BY FARM MACHINERY. 

Roots, rootstocks, and bulbs are sometimes carried from field to field 

and from farm to farm by plows, harrows, and cultivators. Some 

plants which are propagated chiefly by underground parts are dis- 

tributed almost exclusively by these tools. The aerial bulblets or sets 

12 A96——18 
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of the wild garlie (Allium vineale) (fig. 67, a) often fall and take root 
close to the parent plant. The secondary or underground bulbs, if 

undisturbed, remain crowded together, sending up the little tufts of _ 

bluish-green shoots. These bulbs spread very slowly until they are | 

scattered by the plow or harrow. The tubers of live-forever (Sedum 
telephium) (fig. 67, b) persist year after year in the same place, sending 
up a slowly increasing clump of succulent stems, but rarely spreading 

until they are scattered about by the plow and cultivator. In some 

places where the trumpet creeper (Tecoma radicans) has become a 

very persistent and aggressive weed it does not produce seeds, but is 

propagated exclusively by its long, tough roots, which are distributed 

by cultivating tools. The rootstocks 

of couch grass, bouncing bet, and St. 

John’s wort, and the roots of bind- 

weed, milkweed, and sometimes 

those of Canada thistle are scattered 

by cultivating tools. These roots 

and rootstocks are not often carried 

beyond the limits of the farm, how- 
ever. Seeds are frequently carried 

farther in farm machinery, espe- 

cially in self-binders and thrashing 

machines, which go from farm to 

farm without being cleaned. 

SEEDS AND BULBS CARRIED IN NURSERY 

STOCK. 

Seeds, bulbs, and rootstocks of 

weeds are too often carried in nur- 
sery stock or among garden plants. 

Nut grass (Cyperus rotundus) was 
introduced into Arkansas with 

strawberry plants from New Orleans 

A f “and into southern California with 
Fic. 67.—Roots and bulbs scattered by culti- orange trees from Florida. It is 

vating tools: a, wild garlic; b, live-forever. said to have been first introduced 

into this country with garden plants brought from the West Indies. 

Wild onion (Allium vineale) has been introduced into many lawns, 

from Philade!phia to Atlanta, in sods used in making the lawns. It 

was introduced into northeastern Ohio among bulbs of grape hyacinth 

brought from the Atlantic Coast. 

WEED SEEDS CARRIED IN PACKING, 

Weed seeds are often transported in the packing of crockery, glass- 

ware, and castings. The cheaper grades of imported crockery are 

usually packed in cheap hay or straw, in which the presence of seeds 
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may be taken as a matter of course. Upon reacaing America this 
erockery usually passes through the hands of the wholesaler and jobber 
to the retailer without repacking, thus gaining a wide distribution. 

When it is finally unpacked, the hay or straw is often thrown out ona 
vacant let or, still worse, is used for stable bedding and then hauled out 

to the fields with the manure. The woolly mullein (Verbascwm phlo- 
moides), native in France, is supposed to have been introduced at 
Dickeys Mills, Ky., in crockery packing. Two species of long-awned 

chess (Bromus tectorum and B. sterilis), both European grasses, were 
first found at Denver, Colo., in the vicinity of a crockery store. 

Seeds are sometimes carried long distances in wool. An evidence 

is found in the strange plants, chiefly bur bearing, that spring up 

about woolen mills and in fields where wool waste from these mills 

has been used as a fertilizer. 

WEED SEEDS CARRIED IN HAY. 

The transportation of hay offers a most ready and dangerous means 
for the dissemination of weed seeds. It is dangerous because it is one 

of the most difficult artificial means to control. Hay can not be readily 

inspected to detect the presence of weed seeds, and even if they are 

known to be present their removal is impracticable. An old tradi- 

tion states that the Canada thistle was first introduced into eastern 

New York in hay brought from Canada to feed the horses of General 

Burgoyne’s army. One of the most southern localities in which the 

Canada thistle has persisted as a weed is Remington, Va., formerly 
Rappahannock Station, which was the supply station for General 

Grant’s army before the campaign of the Wilderness. The Canada 

thistle and other weeds of similar character may be found around 

many of the abandoned lumber camps in Maine, Michigan, and Wis- 

consin. The Russian thistle has been quite extensively introduced 
during the past six years in hay used at railway construction camps in 

North Dakota, Nebraska, and Montana. A single small consignment 

of Western prairie hay, cut in Kansas or Oklahoma, as indicated by the 

plants contained, was examined in Michigan with the result of find- 

ing fifteen species of weeds. These included mature seed-bearing 

plants of buffalo bur (Solanwm rostratum), bull nettle (Solanum ele- 
agnifolium), and tumbleweed. (Amaranthus albus). 

WEED SEEDS CARRIED IN COMMERCIAL SEEDS. 

Impure commercial seeds afford the most important means for the 
transportation of weed seeds. It may be safely asserted that more 
of our foreign weeds have come to us through impure field and garden 

seeds than by all other means combined, and it is equally certain that 
weeds have been scattered about through this country in the same 

manner. English grasses were grown at Springfield, Mass., as early 

as 1658, and some introduced European weeds were recorded soon 
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afterwards. In 1672 Mr. John Josselyn published in New England’s 
Rarities a list ‘fof such plants as have sprung up since the Eng- 

lish planted and kept catile in New England.” This list, comprising 
twenty-two species, includes couch grass, shepherd’s purse, dandelion, 

groundsel, sow thistle, pigweed, dog fennel, and burdock. Itis more 

than probable that the seeds of most of these plants were intro- 
duced with European seeds, which could not have been well cleaned 

with the rude appliances then in use. Where modern methods of 

cleaning are used, weed seeds 

to secure extensive transporta- 

tion with commercial seeds must 

be of, approximately, the same 

oy” ee _ SY 9g size and weight as some com- 

Fic. oi id fruit, seed Basho mon commercs)) 

by dried calyx, enlarged; b, seed removed from harvested and thrashed in bulk, 
calyx, enlarged; c, same, seen from above, nat- such as small grain, grass, clo- 
ural size; d, flax-seed; ¢, same, enlarged. ver, and flax. Plants that are 

handled separately, like corn, cotton, and many of the vegetables, 

present little opportunity for the admixture of weed seeds. The 

weed and the crop with which its seeds are distributed must have, 

approximately, the same period of growth and must reach maturity 

at the same time. 

The seed of Russian thistle (Salsola kali tragus) (fig. 68, a, b, c) was 
brought to South Dakota and sown with flaxseed (Linum usitatisst- 
mum) (fig. 68,d, e). Since its first introduction we have records of its 
transportation in flaxseed, oats, wheat, and alfalfa. 

Wheat (Triticum vulgare) (fig. 69, a, 6), which is one of our most 
important commercial grains, is permit- 

ted to act as a transporting agency for 

many weed seeds. The seeds carried 

with wheat vary in different parts of the 

country. In Maryland, Virginia, and 

Tennessee, the southeastern part of the ; 

wheat range, the bulblets of wild onion ai son immurition ft a 
are often present and are most injurious, enlarged; b,b, same, natural size; 

as they ruin theflour. Theyarenotseeds, % *°¢d of cocklo, enlarged; e, 
same, natural size, smaller than 

but they perform the office of seeds in the _cocklo seeds developed by cultiva- 

‘reproduction of the plant, and should 4°: ¢.spikelet of chess, inclosing 
4 : ° : j seed, natural size. 

the wild onion be introduced in a region 

where wheat growing is conducted on a large scale, it would probably 

spread much more rapidly than it now does. Chess (bromus secali- 

nus) (fig. 69, c) is found in wheat in nearly all wheat-growing regions. 

With modern cleaning machinery it may be removed almost com- 
pletely, so that there is little excuse for sowing chess with wheat. Coc- 

kle (Agrostemma githago) (fig. 69, d, e) is found in wheat, especially 
throughout the North. Cockle seeds are normally somewhat smaller 
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than wheat grains. In some parts of the Northwest, where wheat for 

sowing has been cleaned year after year by steam cleaners, all the 

eockle seeds except the largest ones have been removed, and these 

have been sown until a large-seeded strain of cocklebur has been bred, 
which is very difficult to separate from wheat. 

Oats (Avena sativa) (fig. 70, a, b) are lighter and more difficult to 
clean than wheat, and therefore, in spite of the fact that they are eul- 

tivated and shipped to a much less extent than wheat, they are respon- 

sible for nearly as large a distribution of weed seeds. The seeds that 
are found as impurities in oats are usually, as might be expected, dif- 

ferent in shape from those most common in wheat, although the elon- 

gated grain of chess is common to both oats and wheat. On the Pacifie 

Coast four varieties of wild oats are common among the cultivated 

species. These are the common wild oat (Avena fatuc) (fig. 70, c), 
bastard oat (Avena fatua 
glabrescens) (fig.70, d), slen- 
der oat (Avena barbata), 
and fly oat (Avena sterilis). 
One of these, the wild oat, 

has been found as far east 
as Illinois, but has not be- 

come abundant enough to 

be troublesome east of the 
Mississippi River. Wild 
mustard (Brassica sinapis- 
trum) (fig. 70, e, f, g, h) 
is common and increasing 
in oats and spring wheat $ eee 

feom-New England to Ore- "7 cuitivated ont; , same, enlarged; ¢, wild ont uate 
gon. The small shot-like ral size; d, bastard oat, natural size; e, pod of wild 
seeds of the mustard (fig. mustard; fh, sections of same, enlarged; g, wild mus- 

- tard seed, enlarged. 
70, g) could be readily sep- 

arated from the oat were it not that the mustard pod is often 

broken by the thrashing machine into segments which retain the seed 

and which are of about the same size and weight as the oat grain. 

Weed seeds have doubtless been transported with the seeds of red 

clover (Trifolium pratense) (fig. 71, a, b) more largely than with any 
other kind of commercial seeds. More weed seeds are mature in 

autumn, when clover seed is harvested, than earlier inthe season, when 

other crops are cut, and the seeds of a great many weeds being, approx- 

imately, of the same size as those of clover, their separation is more 
difficult from clover than from wheat, oats, or barley. Even after pass- 

ing through the modern seed-cleaning machines red-clover seed is often 

not more than 95 to 97 per cent pure, while less than one-half of 1 

per cent of impurity is left in wheat after it has passed the cleaners 

now in use in flouring mills. A standard of purity of even 95 per cent 

has rarely been approached in red clover until within the last ten 

Pb 
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years, and even now there is a sufficient demand for cheap seed to 
keep an uncleaned article on the market. This uncleaned seed rarely 

passes through the hands of large dealers and is seldom exported. The 

weed seeds most common in clover seed are the following: Rib grass 
(Plantago lanceolata) (fig. 71, m, n), pigeon grass (Setaria glawca) 
(fig. 71, 7,7), sorrel (Rwmez acetosella) (fig. 71, 0, p, 7, 8), black bind- 
weed (Polygonum convolvulus) (fig. 71, c, d, e), blackheart (Polygonum 
lapathifolium) (fig. 71, f, g, h), and bracted plantain (Planiago aristata) 
(fig. 71,k,l). Seeds of white cockle, ragweed, prickly lettuce, pepper- 
grass, Canada thistle, bull thistle, oxeye daisy, and wild carrot are not 

infrequent, while those of dandelion, pigweed, careless weed, chicory, 

and many other species are occasionally found. The presence or ab- 

senee of some species depends on the locality where the seeds are 

Fic. 71.—Clover seed and some of its impurities: a, clover seed; b, same, enlarged; c, fruiting 

calyx of black bindweed, inclosing seed, enlarged; d, seed; e,same, enlarged; f, fruiting calyx 

of blackheart, inclosing seed, enlarged; g, seed; h, same, enlarged; 7, seed of pigeon grass; j, 

same, enlarged; k, seed of bracted plantain; J, same, enlarged; m, sell of rib grass; 7, same, 

enlarged; o, fruiting calyx of sorrel; p, same, enlarged; r, seed; s, same, enlarged. 

grown, as none of the above-mentioned species except ragweed, pigeon 

grass, and sorrel are universally abundant throughout the red-clover 
region. Rib grass is recommended as a forage plant in Europe, and it 

is said to have been sown for this purpose in New England at an early 

date. It owes its introduction and wide dissemination, however, much 

more toimpure clover seed than to its use as a forage plant. In 1888 

a local dealer in a small town in Michigan offered for sale as clover 

seed a mixture that contained nearly 40 per cent of rib-grass seed. 

Evidently no attempt had been made to clean this seed, but where 
rib grass is abundant in the clover fields, even with the greatest care, 

its seed is almost certain to appear as an impurity in the clover seed. 

It is almost impossible to separate it completely, even with modern 
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cleaning machinery, but nearly all other weed seeds can be cleaned 
from red-clover seed. 

Seeds of white clover and alsike clover are more difficult to clean 

than those of red clover, especially if they contain seeds of sorrel or 

peppergrass. A large proportion of the white-clover seed used in this 

country is imported, and as it usually enters into mixtures for lawns 

and permanent pastures it is doubtless responsible to a large extent 

for the present wide distribution of sorrel. The smaller weed seeds, 
like those of moth mullein and the fleabane daisies, are doubtless 

distributed to a considerable extent in grass seeds, but a large pro- 

portion of the impurities in grass seeds usually consists of the seeds 
of other grasses. 

WEEDS INTRODUCED AS USEFUL OR ORNAMENTAL PLANTS. 

A few of our most troublesome weeds have been intentionally intro- 

duced for use or ornament. Rib grass, as already mentioned, is said 

to have been sown for forage in New England in the early colonial 

days. Theseed of oxeye daisy is said to have been brought to Rhode 

Island about 1815 and planted to obtain horse feed. It is recorded, 

however, as having been abundant and injurious in grass lands in 

Massachusetts as early as 1783. It has often been planted in gardens 

for ornament, and has doubtless escaped thence to the fields. The 

wild garlic (Allium vineale), which is now the most injuricus weed 
from New Jersey to North Carolina and Tennessee, is said to have 

been introduced into the gardens of the early settlers at Germantown, 

Pa., for use as a flavoring plant, like our common onion. Chicory is 

said to have been introduced for greens by Governor Bowdoin, who 

brought plants from Holland in 1785 and planted them in the grounds 

about his residence at Mount Bowdoin, Dorchester, Mass. Chicory 

now overruns all the waste ground in that vicinity. : 

Purslane was cultivated for greens in the gardens of Massachusetts 

as early as 1672. Early in the present century it was taken from 

New York to Michigan to be used as a pot herb, and there are doubt- 

less many instances unrecorded where this pest of the garden has been 

purposely planted for use. Live-forever, which has become so trouble- 

some in central New York and in some New England States, was 

introduced for ornament, as a medicinal plant, or as a curiosity in 

nearly every locality where it has since spread. Bladder ketmia, 

bouncing bet, caraway, cornflower, and the annual morning-glories 

have in nearly all cases where they are now abundant escaped from 

old flower gardens. Golden hawkweed, wild carrot, ramsted, and 

squirrel tail have also been planted in flower gardens. Squirrel tail 

and ramsted have been advertised as ornamental plants in American 

seed catalogues within the last five years. 
The water hyacinth, which is stopping the drainage in some of the 
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smaller streams in Florida and Louisiana and even threatening navi- 

gation in the St. Johns River, is a notable example of an escaped orna- 

mental plant. 

SPECIAL AVENUES OF WEED MIGRATION, 

Certain means of introduction and routes of transportation are indi- 

cated by the names ‘‘ ballast plants,” ‘‘roadside weeds,” and ‘‘ weeds 

along the towpath.” There is need of still one more term of this 

class, ‘‘railway weeds.” When sailing vessels and earth ballast were 

used much more than at present, the ballast grounds at Philadel- 

phia, New York City, Boston, and Baltimore were favorite collecting 

grounds for botanists, as they continually presented species new to 

the country. One hundred and three species were taken in ballast 

xa Wild carrot. 
e Prickly lettuce. 
nm Chondrilla 

Fic. 72.\Map showing distribution of wild carrot, prickly lettuce, and chondrilla. 

from Buenos Ayres to New Zealand within a period of a few years. 

Roadsides in the country are usually lined with weeds, the seeds of 

which have fallen from loads of hay and grain and from the fur of 

animals. In some parts of northeastern Oregon the sheep trails are 

lined with red chess (Bromus rubens), the long barbed awns of which 

cling to wool. Many plants new to New York have been introduced 

along the Erie Canal. A large proportion of the seeds doubtless came 

in the hay and grain fed to the horses and mules along the towpath. 

The introduction of weeds from this source increased to such an extent 
that in 1847 the legislature of New York passed a special law requir- 

ing the destruction of ‘‘thistles and other noxious weeds growing 

on the banks and sides of canals.” The railroad has superseded 

the canal in the transportation of weed seeds as well as in that of 
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passengers and freight. Before the Canadian Pacific Railway was 
completed, the tumbling mustard, previously unknown in the North- 

west Provinces, was found at many points along the line. Many other 

weeds have migrated westward along this railway, some of them 

almost keeping pace with the work of construction. Railway trans- 

portation offers many facilities for the migration of weed seeds. In 
the West, tumbleweeds are frequently blown into the trucks of cars 

and are carried long distances. There are records of two instances, 

one in North Dakota and one in Minnesota, in which grain cars were 

wrecked, each case resulting in an abundant introduction of the Rus- 

sian thistie. This plant seems to be particularly a railway weed. It 

has appeared first along the railways in sixteen of the twenty-one 

States and Territories in which it has been introduced. In nearly all 

< Meas ee 
> re Canada thistle. 
= Russian thistle. 
uur Nut grass. 
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Pia. 73.—Map showing distribution of Canada thistle, Russian thistle,and nut grass. 

the States where it is now found its wide distribution has been effected 

chiefly by the railways, in spite of the fact that the railway compa- 

nies have generally done more than all other parties to combat it. 

HISTORY OF WEED MIGRATIONS. 

PRESENT DISTRIBUTION OF SOME PROMINENT WEEDS. 

The accompanying maps (figs. 72 and 73), showing the present geo- 
graphic distribution of some typical weeds in the United States, will 
indicate some of the peculiarities in the ranges of weeds. Some plants 
are restricted to the northern part of the country and others to the 

southern part. These restrictions are evidently due chiefly to differ- 
ences in temperature, length of growing season, and moisture. The 
mustards are generally confined to the North, while the nightshade 
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and spurge families are more abundantly represented in the South. 
Canada thistle, Russian thistle, wild carrot, and prickly lettuce are 

mostly restricted to the North. All of them extend into Canada, 
but for lack of sufficient data their ranges are not indicated on the 

map beyond the borders of the United States. Canada thistle intro- 

duced on the Gulf Coast does not survive. The other species, while 

surviving in the South, do not increase as rapidly or crowd out other 

vegetation to as great an extent as they doin the North. Nut grass 

(Cyperus rotundus) is very troublesome in many localities from North 
Carolina to Arkansas and Texas, but it does not thrive farther north, 

where the frost reaches deep enough to affect its tubers. 

Some weeds appear to thrive best on soil that has been worn out by 

long cultivation. Examples are found in the oxeye daisy and wild 

earrot, both of which were introduced on our Atlantic Coast more than 

acentury ago. They are both slowly migrating westward, generally 

keeping twenty-five years or more behind the advance of cultivation, 

that is, they rarely become abundant in a locality that has been set- 

tled less than twenty-five years. The oxeye daisy was introduced 

along the shores of the Great Lakes by the early French missionaries, 

and, although it has persisted in some of their camping places, it has 
not spread in those localities until within recent years. Quite the 

opposite tendency is exhibited by fire weed (Hrechtites hieracifolia) 
and bull thistle, which thrive best on recently cleared land and usually 

decrease or disappear entirely after the land has been cultivated a few 

years. 
Two plants whose natural adaptations for spreading are almost 

identical may differ entirely in their actual migrations on account of 

their different relations to human agency. Prickly lettuce and chon- 

drilla were introduced into this country at about the same time. 

Each produces seeds from early in July until frost kills the plant in 

autumn. The seeds (akenes) of both species are of nearly the same 
size, approximately the same in number on average plants, and pro- 

vided with the same kind of stalked pappus for distribution by the. 

wind. Chondrilla was introduced in West Virginia, where compara- 

tively little clover seed or hay is produced for shipment, and it has 

searcely spread beyond the valley of the Potomac River. Prickly 

lettuce, introduced in Ohio and Michigan, soon reached localities 

where the chief industries were the production of hay and clover seed 

for shipment, and its distribution has been exceedingly rapid. 

The germinative vitality of the seed has also a potent influence on 

the plant’s migrations. Canada thistle is said to have been introduced 

in Lower Canada more than two centuries ago, but its present distri- 

bution scarcely exceeds that of the Russian thistle, introduced less 

than a quarter of a century ago. The chances of the distribution of 

seeds are nearly equal for the two species, but the production of per- 

fect seeds in the Canada thistle is very irregular, while the Russian 
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thistle seldom fails to produce a good supply of seeds capable of 

germination. 
THE DIRECTION OF WEED MIGRATION. 

A study of the origin of weeds now in this country will impress one 

with the largeness of the number that have been introduced from 

Europe in comparison with the number of native species or of species 

received from other directions. In the list of 200 weeds of the United 
States published in the Yearbook for 1895, 108 species are of foreign 

_ origin, while 92 are native. Of the 108 introduced species, 64 are 
native in Eurepe and 30 are ascribed to the Old World in general, only 

2 Asiatie species in the list having established themselves as weeds in 
this country without being first distributed in Hurope. Africa and 

Australia are not represented among our weeds, while Central and 

South America have contributed only 12 or 15 important species, most 
of which are confined to the Gulf States. A list of the plants of Michi- 
gan published in 18921 contains 1,604 indigenous species, of which 22 

are recognized ag injurious weeds, and 142 species introduced from 

Europe, of which 57 have become troublesome weeds. 

A list of Kansas weeds” enumerating 209 species contains 129 native 

species, 42 introduced from Europe, and 38 from ail other sources. 
Eighteen species native in the States east of the Mississippi River 

haye been introduced inte Kansas in opposition to the prevailing 

winds and the direction of the drainage, while only 3 species are men- 

tioned which have come from the Rocky Mountain region with both 
of these natural forces in their favor. 

In an article on the weeds of California® 110 species are mentioned 
as troublesome in that State. Of these, 53 are native, 43 are intro- 

duced from Europe, 5 are from the eastern United States, 3 from Cen- 
tral and South America, and only 2 from Asia. Even in the States 

bordering the Gulf of Mexico the number of weeds introduced from 
Europe in cultivated land equals or exceeds those from Mexico and 

South America. Canada thistle, bur clover, and skunkweed have 

been taken from California to Australia, where they quickly became 

naturalized and are now rapidly spreading. 

The general trend of weed migration is westward, from Europe to 

America, from the Atlantic States to the Mississippi Valley and onward 

to the Pacific Slope, and even across the Pacific Ocean to Australia 

and New Zealand. Less than half a dozen American species have 

become troublesome in Europe. Only three or four species from west 

of the Mississippi River have become widely distributed in the Eastern 

1 Michigan Flora, by W. J. Beal and C. F, Wheeler, Thirtieth Annual Report of 

the Michigan State Board of Agriculture. 

*Bulletin No. 57, Kansas State Agricultural College, Weeds of Kansas, by A. 8. 

Hitchcock and J. B. 8. Norton. 
*Weeds of California, by E. W. Hilgard, Report of the Agricultural Experiment 

Station of the University of California for 1890, 
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States, and only one or two weedy species have entered the country 

on the western coast from Asia or the islands of the Pacific Ocean. 

PREDOMINANCE OF EUROPEAN WEEDS, 

One of the chief reasons for the preponderance of European species 

among our introduced weeds lies, doubtless, in the fact that our 

commerce with Europe is greater than with all the other continents 

combined. Until within thelast twenty-five years our traffic with Asia, 

Australia, and South America has been comparatively unimportant, 

and even now we have very little direct communication with Africa. 

This country was settled by Europeans who have planted European 

crops with seeds imported from Europe. It is but a natural conse- 

quence of these conditions, therefore, that among the introduced weeds 

of this country those of Europe should predominate. 

WESTWARD TRANSPORTATION OF IMPURE COMMERCIAL SEED. 

Tt is only within the last half century that the exportation of Amer- 
ican-grown field seeds, such as clover, grass, and grain seeds, has 

equaled the importation of seeds of these kindsfrom Europe. During 

the earlier years, when the greater proportion of seeds sown in this 

country came from Europe, the imperfections in the gradually im- 

proving seed-cleaning machinery made it impossible to clean seeds as 

perfectly as those now exported to Europe may be cleaned. Even 

now, owing to the greater number of weeds in Europe with seeds 

adapted for distribution in field seeds, and the fact that the seed- 

cleaning machinery in common use there is generally inferior to the 

fanning mills used on the farms here, the commercial seeds as placed 
upon the market usually contain more impurities than do those sold 

by the seed growers in the United States, and unless extra care is 

exercised by European exporters in cleaning their seeds they are 

likely to contain more weed seeds than do those which are now 

shipped from this country to Europe. Thus the exchanges in com- 

mercial seeds with Europe have favored the westward migration of 

weed seeds. 

Somewhat similar conditions have existed in the transportation of 

field seeds within the United States. The growth of clover, grass, 

and grain seeds for sowing, beginning on the Atlantic Coast, has been 

‘slowly moving westward, until now the chief supply is produced in 

the Mississippi Valley. As the standards of purity have been con- 

stantly improving during all these years, most of the seeds which 

are shipped toward the east contain less weed seeds than those 

which have been shipped westward. Two notable examples may be 

cited of weeds that have migrated eastward with commercial seeds. 

Yellow daisy (Rudbeckia hirta) is said to have been unknown in 
New England until clover and grass seeds were brought there 

from New York, and during the past few years bracted plantain 
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(Plantago aristata) has appeared in many places in the East, where 
its seed had evidently been sown with clover from the Mississippi 

Valley. These two instances are notable because of their singu- 

larity, but they also indicate that, were all other conditions equal, 

we might reasonably expect a greater eastward migration of weeds 

than we now have. 

MIGRATORY WEEDS DEVELOPED BY CULTIVATION, 

Another and very different reason why the course of weed migration 

coincides with that of cultivation lies in the physiological history of 

the plants themselves. The cultivation of the land beginning in the 
valleys of the Euphrates and the Nile has been extending westward 
for more than thirty centuries. Many of the weeds of agriculture as 

well as many of the cultivated plants had their origin in Asia Minor 

or in the region of the Mediterranean Sea. Cultivation produces the 

conditions of environment under which weeds develop. It also aids 

in producing conditions in the constitution of the plant itself which 

render migration possible. To become a weed a plant must be well 

adapted to exist and multiply under the conditions with which it is 

surrounded. The weeds of agriculture are usually surrounded with 

more or less artificial conditions, due to cultivation and grazing. To 

become a weed throughout a wide geographic range a plant must 

have a wide range of adaptability. The ranges of indigenous species 

are frequently limited by changes in the soil, temperature, humidity, 

intensity of sunlight, and length of growing season. Many indigenous 

plants are unable to withstand the changes brought about by cultiva- 

tion. Thus,in Michigan, while 22 indigenous species have adapted 

themselves to the conditions of cultivation and have become weeds, 37 

species which were formerly common are fast disappearing. Their 

places are being taken by 142 European species, which are rapidly 

becoming naturalized. Ail these introduced plants are found in ecul- 

tivated ground or in waste land about villages in Europe. Instances 

are exceedingly rare of plants from uncultivated land in Europe 

becoming naturalized in America. Plants acquire a habit of growth 

suited to their environment. If they grow generation after generation 

under the same conditions, this habit becomes fixed and is not readily 

changed to suit different conditions. If, on the other hand, the envi- 

ronment of the plant is frequently changed, the plant either dies and 

becomes extinct or it acquires a flexible habit capable of adapting 

itself to a great variety of situations. The processes of agriculture, 

including the rotation of crops, grazing and trampling of animals, 

clearing of woodland, draining and irrigating, imply a continual 

change of conditions. The plants that survive these changes must 

necessarily acquire a considerable range of adaptability. This range 

is still further enlarged by transportation from one locality to another. 

The possibilities of transportation to considerable distances are many 
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thousand times greater by artificial means, such as affect plants of eul- 

tivated land, than by natural means, which must be depended upon 

by plants of wild land. 
Nearly all the indigenous species of America that have become mi- 

gratery weeds, as bur grass, cocklebur, squirrel tail, horseweed, and 

buffalo bur, are adapted to distribution by animals or wind, and have 

long had a wide range from north to south. They had, therefore, a 

considerable degree of adaptability before encountering the conditions 

of cultivation. 
SUMMARY. 

The discussion may be summed up in the following statement of 

facts and conclusions: 

1. Weeds effect a dispersion of their kind independently of their 

external agencies by means of runners, rootstocks, running roots, and 

apparatus for throwing seeds. 

2. The dispersion of weed seeds is aided by the natural agencies of 

wind, water, and animals. 
3. Seeds are rarely carried long distances by natural agencies. 
4, Weed migration is aided by man more than by all the natural 

means combined. 
5. To become a migratory weed a plant must have a wide range of 

adaptability. 

6. A plant acquires a wider range of adaptability under conditions 

of cultivation than in wild land. 

7. The general direction of weed migration coincides with that of 

the progress of cultivation. 

Weed migration may be checked by the following means: 

1. By preventing the production of seeds and burs. 

2. By using greater care in cleaning farm machinery moved from 

field to field. 

3. By using greater eare to prevent the transportation of seeds, 

bulbs, and roots with nursery stock. 

4. By burning the “‘ packing” of crockery, castings, etc. 

5. By destroying weeds in the meadow or throwing them out as hay 

is baled. 

6. By using greater care in cleaning commercial seeds. 
7. By a consideration of the probable consequences before purposely 

introducing plants like chicory, purslane, or oxeye daisy. 
8. By having ‘‘ballast weeds,” ‘‘roadside weeds,” and ‘‘railway 

weeds” watched for and destroyed before they become weeds of the 

farm. 



COWPEAS. 

(Vigna catjang.) 

By JARED G. SMITH, 

Assistant Agrostologist, U. S. Department of Agriculture. 

ORIGIN AND GENERAL CONSIDERATIONS. 

The cowpea is to the South what alfalfa is to the West and red 
clover to the North—a forage plant perfectly adapted to the needs of 

the region where it grows. The cultivation of this crop in America 

dates back to the early part of the eighteenth century. A South Car- 

olina planter received a quantity of seed from a foreign source, which, 

according to certain authorities, was an English acclimatization society 

or the captain of a trading vessel from far-off India or China. From 
this small and obscure beginning cowpeas spread throughout the 

South, and their cultivation has been essayed as far north as Conneec- 

ticut, New York, and South Dakota, and westward to California. 

Cowpeas grow wild in far eastern tropical lands, including India, 

China, Siam, the Malay Archipelago, and portions of Central Africa, 

and have become an escape from cultivation in the southern United 

States and tropical America. From the South the plant has been ear- 

ried in recent years to South Africa and Australia, so that it is now 

grown as a forage plant or for human food throughout all the warmer 

quarters of the globe. Cowpeas are in their relationship and habit of 

growth really beans, and not, as the name would indicate, peas. They 

belong to the genus Vigna, the members of which are largely repre- 

sented in South Africa, and are closely related to the lablab, lima, and 

haricot beans of our gardens, as well as to numerous cultivated or half- 

wild garden sorts common in tropical Asia and America, but little 
known. to us. 

There are a very large number of named forms or varieties of this 

forage plant. New forms are constantly arising, due to variations 

in habit of growth, color of leaf, stem, and pod, and the shape and 

color of the seed. Variations from any chosen type are constantly 
appearing, and as one or another of these sports or forms gains suffi- 
cient local reputation a new name is applied and sooner or later the 
supposed new variety is placed upon the market. In this way one 
variety of cowpea may be cultivated in a dozen different localities 
under as many names, or a dozen different peas may bear the same 
name. The whole subject of the nomenclature of varieties is in a 
chaotic state and can be straightened out only after years of careful 

287 
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study have been given to it by botanists and the experimental agri- 

culturists. No valid conclusions can be drawn from the brief study 

of a subject so complex. Cowpeas pass through every gradation of 

form, from a short, stocky, upright bush having single stems a foot 

high with very short lateral branches to those with trailing runners 

growing as flat upon the ground as sweet-potato and melon vines, the 

prostrate stems 15 or 20 feet in length. The pods vary from 4 to 16 

inches in length, and the peas are of every imaginable shade through 

white, yellow, green, pink, gray, brown, red, purple, and black, of 

solid colors or variously mottled and speckled, and of varying sizes 

and forms from large kidney-shaped to little round ones smaller than 

the garden pea. There is a like variation in the length of time the 

different forms require to ripen seed, some requiring eight or nine 

months, a few ripening in sixty days from the time of planting. 

There seems to be a somewhat constant relation between the time 

required for attaining maturity and the habit of growth. The bush 
varieties ripen in a shorter season than the trailers, but a bush vari- 

ety taken from the North will, in the course of a few seasons, assume 
the trailing habit and lengthen out its period of growth in any of the 

Southern States. Also, a runner or creeper requiring six to eight 

months for reaching maturity in Louisiana will, if planted each year 

a hundred miles farther north, gradually accommodate itself to the 

shorter season and at the same time shorten its runners, approaching 

more and more to the upright or ‘‘ bush” habit of growth. There can 

be no hard and fast line of separation between bush peas, trailers, 
and runners. The best varietal character is probably the color of 

the seed. It is quite probable that more than one species is in eulti- 

vation. The ‘‘red” and ‘‘ black” varieties are closely allied; theround 

“lady” peas form a separate group; the large ‘‘black-eyed” and 

“‘purple-eyed” are typical of another, and the variously mottled and 
speckled ‘‘ whip-poor-wills” are only a degree removed from the solid- 

colored yellow, pink, and light-brown ones, and together would nat- 

urally be taken to constitute one species or variety. The black peas - 

pass through various shades of red before maturity. The red varieties 
sometimes carry their change of color in ripening so far that they can 

not be distinguished from the black. The ‘‘ black-eyed” and “‘ purple- 

eyed” are of the same ground color, differing only in the color of the 
ring surrounding the eye. The various ‘‘crowders,” yellow and white, 

the whip-poor-will, clay, and ‘“‘yellow-eyed” forms have numerous 

crosses and so-called hybrids in which the fundamental yellows and 

browns form varying mixtures. 

COWPEAS AND SOIL RENOVATION. 

A field of cowpeas has been very happily designated ‘‘ the poor man’s 
bank,” for in common with all its leguminous congeners, the field 
pea, clovers, alfalfa, and a score of others, this crop has the power of 
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increasing the fertility of the soil wpon which it grows. This fact has 

long been accepted by farmers and students of agriculture, but until 

recent discoveries in Germany and America it was believed that the 

chief function of these plants was to pump up nitrogen from the sub- 

soil reservoir to the surface by means of their long roots for the use 
and benefit of succeeding crops. 

But experiments in the field and laboratory for the purpose of deter- 
mining the causes of natural phenomena have taken the place of class- 

room philosophy and speculative reasoning. Within the last twenty 

years scientific workers have discovered that minute micro-organisms, 

or bacteria, which live within the tissues of the roots of leguminous 

plants take up free nitrogen from the gases in the soil, just as the 

higher plants and animals utilize the oxygen of the air. This nitrogen 

enters into combination to form nitrie acid, which unites with the min- 

eral elements of the soil to form nitrates, a kind of plant food exceed- 

ingly valuable to the growing crop. Nitrogen, when in combination 

with other elements, is an indispensable form of plant and animal 

food, but the free element can noi be utilized, uncombined, by any of 
the higher organisms. Small amounts of nitrous acid are formed 

as a result of lightning discharges and are washed out of the air by the 

rains, to be in part absorbed by the soil, and in part carried by rivers 

and drainage waters into the sea. Free nitrogen exists only in the 

air and in the gases of the soil, but as ammonia, nitrous and nitrie 

acid, nitrites and nitrates, it is present in varying quantities in 

the soil, the unbroken rocks, and the waters of continents and 
oceans. 

The most available purchasable nitrogen is obtained either as salt- 

peter or nitrate of soda from the extensive deposits in the Peruvian 
deserts, or from some form of animal wastes, such as freshly ground 

bone, dried biood, guano, tankage, and fish serap, and from cotton-seed 

meal and other like by-products of the oil mills. These fertilizers are 

all expensive, so much so that they can be profitably employed by the 
farmer only in intensive farming with specialized crops. The gain in 

yield with low-priced crops, such as corn, cotten, tobacco, cowpeas, 

and the grasses, using high-grade and costly fertilizers, is not com- 

mensurate with the additional expense. But every farmer, rich and 

poor, has over three thousand tons of atmospheric nitrogen resting on 

every acre of his farm, a certain quantity of which can be transformed 

into available plant food every time that he grows a crop of cowpeas, 
red clover, or alfalfa. 

There are a great many acres of farming land in the South in need 

ofrenovation. The red uplands and yellow-clay soils were undoubtedly 

less fertile originally than the alluvial and black prairie soils, and the 

methods of cultivation which formerly prevailed have still further 

diminished their productiveness. In the days when every plantation 
12 A96 19 
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numbered its acres by the thousand and labor was cheap, the planter 

could afford to clear off the native forest growth and bring fresh fields 

into eultivation whenever the yields of cotton and tobacco fell below 

what was considered a profitable figure. The old field, stripped in a 

few years of its accumulated store of humus, was abandoned and 
allowed to grow up to weeds and underbrush. The forest again spread 

across it, and gradually, in the slow course of half a lifetime, the nat- 

ural enrichment of its surface soil by the growth of the woodland 

grasses made it ready for another robbery. 

But with the breaking up of the large estates and the abrupt change 

in the labor conditions this method of farming became no longer profit- 

able or even possible. A planter with fewer acres could no longer 
afford to await nature’s slow process of rejuvenating the soil. A new 

system of farming was necessary. The land must not be allowed to 

‘‘oo back.” It must be kept up to the highest state of productiveness 

by a rotation of crops, a judicious use of commercial fertilizers, the 

growth of nitrogen-fixing leguminous crops, and good and thorough 

cultivation. To maintain the fertility of any soil the amount of humus 

or decaying organic matter in it must be kept up. Take two soils of 

as nearly as possible the same physical and geological formation, but 

the one rich in humus and the other lacking it, and fertilize them with 

equal quantities of commercial manures; the one which has the most 

organic matter in its composition will yield the largest crop. The soil 

on that field will stand drought better, will wash less under torrential 

rains, and be more friable and of better tilth. The average soils of 
the South need more humus. It can be best supplied by sowing more 

grass, more permanent pasture lands, more leguminous crops. Ina 

word, plant cowpeas. 

COWPEAS FOR FORAGE. 

There is no forage plant better adapted to the needs and conditions 

of Southern agriculture than this rank, free-growing annual. It will 

thrive luxuriantly upon the rich, swampy, cane lands of Louisiana. 

On the driest and most sterile worn-out uplands it serves the admir- 

able purpose of supplying a larger quantity and better quality of for- 

age than any other bean or clover. And whenever a crop of cowpeas 

has been taken off a field the surface soil is left richer by a good 

many pounds of that most costly of all plant foods, nitrogen. The 

roots of the cowpea enter deeply into the soil, opening and loosening 

it far down for the benefit of the roots of the succeeding crops of corn, 

cotton, and tobaeco. It has been found by experiment that the ferti- 
lizing value of the roots and stubble of the cowpea are very consider- 

able, but not as great as that of the hay removed from the field. The 

best and most economical use of this forage crop is, then, to eut for hay, 

feed to stock, and return the stable manure to the soil. Plowing the 

whole crop under is less remunerative because there is much needless 
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waste of the muscle-making and fat-forming constituents of the plant 

which would bring more profit if turned into beef, pork, wool, cheese, 

or butter. 

As regards the disposal of the crop, there is a wide variation in 

practice. The feeding value of vines and peas much exceeds their 

fertilizing value. But as between the practice of turning the vines 

under green in autumn and that of allowing them to lie on the 

ground during the winter, the latter is undoubtedly sometimes to be 

preferred, though theoretically wrong. Theoretically, to plow the 

vines under in autumn will be to save all the available nitrogen and 

convert the whole plant into humus. Practically, the turning under 

of so large an amount of watery green herbage is highly injurious, 

causing a too rapid decay and consequent ‘‘ burning” or souring of 

the soil. The upper soil layers, freshly stirred and mellowed in 

autumn, lose more by leaching and washing than they do in an 

unplowed field covered by its winter mulch of decaying herbage, 

though in both cases there is a decided loss of fertility over what 

would result by following the peas with a crop of rye, winter wheat, 

the turf-forming winter cats, winter vetch, or crimson clover. The 

yields of forage are better on rich soils than on poor ones, but the 

beneficial effects upon the succeeding crop due to the growth of this 

one are not so marked in the former case as in the latter. 

METHODS OF CULTIVATION AND HARVESTING. 

Cowpeas are planted broadcast or in drills, very commonly between 

the corn rows after the crop is laid by. The amount of seed used 

varies from 4 quarts to 2 bushels per acre, the average amount being, 

perhaps, about 3 pecks. If sown in drills, 18 to 30 inches apart, less 

seed is required than when sown broadcast. The seed will stand being 

covered to the depth of 2 or 3 inches, but care must be taken to plant 

when the ground is neither too wet nor too cold, as the peas rot very 
rapidly under such circumstances. In regard to excess of moisture 

cowpeas behave like beans, and in the early stages delight in a warm, 

mellow seed bed. Much of the failure that has attended the attempted 

introduction of cowpeas into the Northern States is due to planting 

before the ground is warm enough. It must be remembered that this 

plant originated in the Tropics and that when transplanted to higher 

altitudes it makes its best growth in the hottest weather. It is even 

more susceptible to cold and wet than is Indian corn. Hence, proper 

delay in planting will permit economy in the use of seed. Where the 

vines are grown for hay, the yield will be larger if the sced is planted 

in drills and cultivated a time or two. The yield of peas is also larger 

when only a moderate amount of seed is sown and the vines have more 

space and light and air between them. It is also heavier from late- 

planted vines than from the very early ones. In tests to determine 

the relative value of different named varieties it has been found that, 
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as arule, those which make the heaviest yields of vines also bear large 
crops of peas. 

The vines should be mowed for hay when the peas are well formed 
and the leaves are first beginning to turn yellow. After wilting on 

‘the ground or in windrows from twenty-four to forty-eight hours, the 

hay is placed in small, thin piles, or cocks, and allowed to cure for 

several days, when it may be carted to the barn or stacked under 

sheds. The haymaking process is a difficult one, requiring more care 

and attention than in the case of red clover, because the broad leaves 

and thick stems contain a larger amount of water. The hay must be 

placed in cocks before the leaves become brittle, and the piles must 

be small enough to allow free circulation of air to the center of each. 

Bright cowpea hay, clean and well cured, is worth as much as the 

best red-clover hay, and there is no good reason why the Southern 

farmers and planters should buy the Northern-grown article for their 

working stock or for fattening their cattle. Every ton of hay used on 

the estate should be grown there. Another method of curing hay is 

to stack the vines in a pen or rack of rails or poles so arranged as to 

allow the air to enter every part of the pile. This stacking over poles 

isthe best where the vines are pulled, or where the trailing and creep- 

ing sorts are used. The bush varieties are the best for hay, because of 

the greater ease with which they may be mowed and handled. They 

also hold their leaves better than the ranker trailing sorts. The yield 

of hay varies according to the fertility of the soil upon which it is 

raised, whether it is grown on rich lowlands or on the drier and more 

sterile uplands. In the Gulf States cowpeas will probably give an 

average yield of 2 to 3 tons per acre, while 4 to 6 tons are not uncom- 

mon. Farther north the average will range from 1} tons in Ohio to 

24 tons in Arkansas, Missouri, and Tennessee. As with other crops, 

the time of planting, the character of the soil and of the cultivation, 

and the amcunt of rainfall have much to do with the yield. Along 

the Guif it is one of the best hay crops. Northof the latitude of the 

Ohio River it is chiefly valuable as an addition to the list of drought- 

resistant, summer-soiling crops and as a crop that will yield a con- 

siderable amount of forage on soil too sterile to grow red clover. The 

commercial value runs from $6 to $20 per ton, being governed by the 
relative abundance of other grades of hay and fodder. Its feeding 

value is equal to that of the best red clover, and the hay ranks high 

in palatability and digestibility. 

COWPEAS FOR SWINE AND CATTLE. 

When cowpeas are planted for green manure, it is an excellent prac- 

tice to turn hogs into the field about the time that the first peas are 

ripening. Young pigs thrive amazingly on the succulent foliage and 

well-filled pods, and the quality of the pork raised on such a healthful 
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and nutritious diet is very fine. This is a very profitable method of 

fattening hogs or of preparing them for topping off with corn or 

sorghum for market. An acre of ripening cowpeas will pasture from 

fifteen to twenty hogs for several weeks, and the gain in fertility 

from the droppings of the animals during that period will more than 

counterbalance the fertilizing value of the forage eaten. The rapid 

inerease in weight will thus represent so much clear profit, and the 

farmer is richer by half a ton or more of prime pork for every acre 

planted. Chickens and turkeys also eat the ripe peas and do well 

upon them. Cattle and horses are sometimes pastured on them, but 

the safer and more economical way of feeding cowpea vines to such 

stock is to cut or pull and feed partially wilted. There wiil be less 

waste and destruction from trampling, and if each animal is given 

only so much as it can eat clean, the greatest economy as well as 

greatest profit will result. Furthermore, cattle and sheep are liable 

to bloat if allowed to eat too ravenously of cowpea vines or any other 

rich and succulent forage, and by using it as a soiling crop the danger 

may be more readily controlled and the loss prevented. Thereport has 

been sent out from some of the Northern experiment stations, where 

this forage plant is not ordinarily cultivated, that cattle will not eat 

the green vines except after having been starved to it, and then only 

sparingly. We have seen Western horses and ponies that would not 

touch red clover or a grain ration of oats, and have heard of Eastern 

stock that would not eat alfalfa hay. But these few adverse cases 

do not prove that red clover, alfalfa, and oats are not good forage. 

With the cowpea the ease is similar. It is very rarely that any South- 

ern planter reports that this forage is refused by any kind of stock. 

COWPEAS FOR ENSILAGE. 

Reports are very conflicting in regard to the value of this crop for 

ensilage. There is much positive testimony both for and against, some 

authorities stating that the quality is excellent and others that the 

vines contain too much water, the product of the fermentation being 

a slimy, foul-smelling mass, unfit for food for any kind of animals. 

From reports on the subject it is to be believed that the attempt to 

convert cowpea vines into good ensilage can not be made with such 

uniform success as in the case of red clover. The percentage of water 
in the tissues is too high, and the mechanical difficulties in the way 

of running a mass of tangled herbage through the feed cutter are too 

great. Special machinery would have to be constructed for the pur- 

pose. Indian corn will probably remain for many years the best all- 

round forage plant for this purpose. The consensus of opinion among 

agricultural workers seems to be that ensilage made from any legume, 

whether it be cowpeas, vetches, soja beans, alfalfa, or the clovers, does 

not equal in feeding value good hay made from the same. Under 
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certain conditions that arise in the silo the crude protein is converted 
into indigestible or insoluble nitrogenous compounds. The cowpea 

or clover ensilage is then valuable only for the carbohydrates that it 
contains, and either corn or sorghum is far superior to it. 

HARVESTING THE SEED. 

The majority of farmers harvest only enough seed of cowpeas to 

plant again the next season. The ripe pods are picked by hand and 

are stored in barrels until needed or are thrashed out by machine or 

with flails on the barn floor during the winter. Sometimes, if the 

crop is heavy enough to render it profitable, the vines are run through 

an ordinary thrashing machine from which the coneaves and alternate 

teeth of the cylinder have been removed. Buta machine breaks and 

bruises more of the seed than when the pods are first picked off by 

hand. Fully 95 per cent of the seed placed upon the market is 

hand picked. The yield per acre varies according to the varieties and 

the method of cultivation. Eight to twelve bushels is a fair average 

of the amount that can be obtained when the peas are planted in the 

corn rows. Sown alone, broadcast or in drills, yields of from twenty 

to thirty-five and even, in rare cases, fifty bushels are obtained. The 

Black, Unknown, Red Ripper, Clay, and Calico varieties are all heavy 

seed bearers. Lady and White Crowder are good for table use and also 

yield well. The Black-eyed, Red Crowder, and Whip-poor-will or 

Speckled are very widely cultivated and find ready sale. Those which 

make the largest growth of vines for green manure, as a winter soil 

mulch, for hay or soiling are the Unknown, Red Ripper, Southdown, 

and Clay. Whip-poor-will, Black-eyed, White, and Red Crowder 

ripen in from twelve to fourteen weeks, and hence are adapted to 

cultivation farther north than the very late, but ranker growing, 

Unknown, Wonderful, Red Ripper, Black, and Gourd varieties. The 

New Era and Lee ripen seed in from six to seven weeks, and hence are 

the ones to recommend for summer-soiling crops in the upper prairie 

region of the Mississippi Valley or anywhere else that an early matur- 

ing cowpeais required. Thisis one of the species of cultivated plants 

which is very readily modified by change of habitat. Early and late 

maturing forms may be found of every strain that has been in culti- 
ration for any considerable time. 

THE FEEDING VALUE OF COWPEAS. 

The feeding value of cowpea vines is very high, as shown by both 

feeding tests and chemical analyses. As hay the vines are more yal- 

uable than fed green for soiling purposes. A comparison with red 

clover and alfalfa is made in the table on the next page, a compila- 

tion! of the averages of a number of analyses from various sources. 

1 Handbook of Experiment Station Work, Appendix, 1893. 
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Feeding value of cowpeas compared with red clover and alfalfa. 

Fresh or air-dry material. 

Article. Number } Nitrogen- 
of Water. Ash. |Protein.} Fiber. free Fat. 

analyses. extract. 

Cowpeas: 

CDTi See ee ee 10 83.6 Ly 2.4 4.8 sl 0. 04 

DY Le eee ee 8 10.7 7.5 16.6 20.1 42.2 2.9 

Red clover: 

OSE ae ee 43 70.8 2.1 4.4 8.1 13.5 dials 

Coby 3 Seo eee ees 3s 15.3 6.2 12.3 24.5 33.6 3.9 

Alfalfa: 

UNDE Sith ae ee 23 71.8 2.7 4.8 7.4 12.3 1.0 

[5 TT 2d ee 21 8.4 7.4 14.3 25.0 42.7 2.2 

Calculated to water-free substance. 

Article. Nitrogen- 
Ash. | Protein.| Fiber. free Fat. 

extract. 

Cowpeas 

OU PEE tcc Gece ie ee ee eee ee 10.5 14.3 29.0 43.6 2.6 

01 2226 Se eo ee ee 8.5 18.6 22.5 47.2 3.2 

Red clover: 

DES) olde 2 eee oe ee ee 7.2 15.3 27.8 45.8 3.9 

IME EEE see ee oe ek ne ee 7.3 13.5 81.3 43.0 4.9 

Alfalfa 

OT SD asa. : SS ee ee ee eee 9.4 17.1 26.2 43.9 3.4 

US 3 LL Sa eS eee ee St 15.6 27.3 46.6 2.4 

A study of the percentages here given will show that the green 

vines contain more water, less protein or nitrogenous, musele-making 

food, and less of the fat-forming erude fibers, fats, and nitrogen-free 

extracts than either the green alfalfa or red clover. The air-dry hay, 

however, contains more protein than either of the others, less fiber, 

more nitrogen-free extracts than the red clover, and more fat than the 
alfalfa. As is the case with leguminous forage plants in general, a 
ration of cowpeas, to be well balanced, requires the addition of some 
coarse fodder, such as corn stover, sorghum, timothy, Bermuda, or 
prairie hay, otherwise a portion of the protein will be wasted. 

FERTILIZERS. 

Tt has been found that, as a rule, it does not pay to use high-grade 
commercial fertilizers on cowpeas; this, however, depends a good 
deal on the soil and on what crop is to follow this green manurial one. 
It is usually unprofitable to fertilize with expensive nitrogen, in the 
form either of nitrate of soda or of guano, and even the organic 
nitrogen of cotton-seed meal does not act upon this crop as rapidly 
as upon cotton and the cereals. The nitrogen of the fertilizers seems 
not to influence the percentage of protein in the crop, and the general 
opinion of agriculturists in the South is that it does not cause a 
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sufficient increase in yield of vines to pay the cost. At the Delaware 

Station 160 pounds of muriate of potash per acre doubled the yield of 

vines, and superphosphate produced no effect. At the Georgia Station 

combinations of superphosphate and potash gave the best results, but 

later experiments there indicated that large amounts of potash are 
unprofitable, and that superphosphate at the rate of from 200 to 400 

pounds per acre gave better results. Superphosphates are very much 

preferable to untreated rock phosphate. The latter can be sold at 

imuch lower rates, and it remains to be seen whether it would not be 

a profitable method to apply the soft phosphate to the cowpeas for the 

benefit of the succeeding crop in the rotation, for it has been found 

that the insoluble phosphoric acid of the untreated rock becomes 

changed to forms available as plant food in the presence of large 

amounts of decaying vegetable matter in the soil. If it is found that 

this process can be relied upon, then the cowpea will have another 

valuable quality added to it, namely, that of being able to change 
into high-grade and more costly superphosphate the low-grade and 

cheap but unavailable phosphoric acid of the untreated rock. 

The chief functions of this crop, then, are to furnish large amounts 

of nitrogen abstracted from the air and fixed in the roots and stubble 

in a conveniently available form for the use of succeeding crops; sec- 

ond, to produce a large yield of vines and peas rich in digestible pro- 

tein, which, either as hay or for soiling purposes, will take the place of 

concentrated nitrogenous foods; and, third, to supply humus, which 

acts directly and indirectly to produce fertility by breaking down and 

rendering available the basic minerals of the soil. The fertilizing 

value of the nitrogen in the vines is entirely dissipated or greatly di- 

minished by weathering when they are left on the surface of the field 

during the winter. Hence, to secure the full value, the cowpeas should 

be fed and the stable manure returned to the field. If the vines are 

plowed under in autumn, a winter forage crop, such as winter oats, 

crimson clover, rye, or vetches, should be planted to prevent the 

leaching and washing action of the winter rains. 



THE IMPROVEMENT OF OUR NATIVE FRUITS. 
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Professor of Horticulture at Cornell University and Horticulturist of the New York 

(Cornell) Experiment Station. 

INTRODUCTION. 

Itisa popular subject, this evolution and amelioration of our native 

fruits. Everyone is convinced that there is promise in these fruits, 

and writers are always demanding that some person other than them- 

selves shal! take up the improvement of them. Now, the chief reason 

for supposing that these fruits should be domesticated seems to be the 

most obvious fact that they have merit in themselves; and yet, para- 

doxical as if may be, this is not sufficient reason to recommend their 

amelioration. It is not the thing which is intrinsically the best that 

necessarily deserves the most attention, but the thing which is most 

needed. Weshall find our most helpful suggestions from a refiection 

upon what has been accomplished and how it has been done, rather 

than from a mere objective study of the kinds of our wild fruits. It 
is proposed, therefore, to divide this article into two parts: (1) What 

has been done, and (2) what probably should be done. 

WHAT HAS BEEN DONE. 

The most obvious truth that strikes one when he attempts to make 

a refiective or historical study of the improvement of our native fruits 

is the fact that in nearly every case the amelioration has come from 

the force of circumstances and not from the choice or design of men. 

The colonists, in common with other good people, knew and loved 

wine. The beverage has been a hand to hand (or more truthfully a 

hand to mouth) companion of the human family from the first. The 

attempt was therefore early and heroically made to grow the European 

or wine grape in eastern America; but the attempt failed. In sheer 

distress of failure, the grape grower was driven to the use of the native 

grape. How literally true this was the reader may learn by reading 

the history of the grape colony of the Dufours in Kentucky, and then 

in Indiana late in the last century and early in this, and noticing the 

fact that the existence of the colony as such depended upon the suc- 

cess of the wine. The salvation of the colony was the Alexander, or 

Cape, grape, which, in a most surreptitious way, had transferred itself 

from the wild into the plantations which were at first designed to grow 

the European varieties; and later on, John Adlum’s famous Catawba, 

297 
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a product of the Carolina highlands, added the crowning glory and 

suecess to the experiment, and thence spread itself along the Ohio 

and over the Union. Atthe very time that the Alexander and the 

Catawba were driving out the Old World types, the grape growers 

were making a most determined opposition to the native grapes. 
The fact is that the native grapes, the types which we now cultivate, 

came into domestication in spite of us. 

The native plums, of which several hundred horticultural varieties 

are now described, came into domestication because the Old World 

plums, with which we are chiefly familiar in the Northeastern States, 

will not thrive in the prairie States or the South. The cultivated 

native plums had been widely disseminated before horticultural 

annalists discovered the fact; and there is no evidence that the early 

introducers of them had any suspicion that they were making history 

when they planted them. These plums were, no doubt, looked upon 

as a makeshift in a new country, as a fruit which was better than none 

when the good could not be had. 

The reason why the native raspberries came into cultivation was 

because the European species is tender in our climate and demands 

too much eare and petting to make it succeed. The native types of 

gooseberries drove out the foreign ones because the latter were inju- 

riously infested with the mildew. The native crab apples are now 

demanding attention where the climate is so severe that the cultivated 

apple ean not thrive. The wild red mulberry has been improved 

because the Old World black mulberry is tender, and we have been 

so ignorant of the fact that we have all along supposed that these 

natives are forms of the Old Worid species. The Chilean strawberry— 

the foundation stock of our commercial varieties—brought itself into 

domestication while men were bent upon impressing the Virginian 

berry into service, and many of our writers still insist on calling the 

common garden strawberries descendants of the latter species, so 

ignorant are they of the true course of the evolution. 

The obverse of this picture is likewise instructive in showing how 

difficult it is to introduce and to improve fruits which are not forced 

upon us. For a century or more the native nuts have attracted the 

attention of economic writers. Their merits for food have been 

praised without stint for years and years. Within the last twelve 

months two nut-culture books have been written. Yet, they have 

made very little progress toward amelioration. The simple reason is 

that we have not been pressed by any necessity to grow them. None 

of the nuts are staple articles of food among the peoples who have 

chiefly settled the United States. They are essentially subsidiary and 

incidental features in our lives. So, while we all like hickory nuts 

and walnuts, we are nevertheless not impelled by any overmastering 

necessity to gather the trees into the garden or the orchard. We asso- 

ciate them more with the woods and the landscape and the outings 
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than we do with the kitchen and the larder. They have no conspicu- 

ous places in our heritage of custom and association, as the apples 

and grapes and berries have. 

Much the same observation could be made respecting the native 

huckleberries, fruits which have been recommended time and again 

as proper subjects for amelioration, and yet practically nothing has 

been done toward their improvement. The chief reason of this neg- 

lect seems to be that the imperative needs which the huckleberries 

may be supposed to satisfy are already supplied in large measure by 

other berry-like fruits. 

There are apparent exceptions to all this in the cranberry and 

blackberry, for neither of these fruits has ever before been an impor- 

tant food forthe human race. Yet, the very abundance of these fruits 

and their adaptability to the common needs of life forced them on 

the attention of the settler and colonist. It was but natural that, 

as the wild areas became constricted, attempts should be made to 

grow the plants. 

The minor small fruits which have recently come into notice from 

the West have been chiefly impressed into domestication because of 

the comparative scarcity of domestic fruits in the regions whence they 
come. Some of these are the buffalo berry, the dwarf juneberry, 

the Crandall currant type, and the dwarf cherries and plums. 

While the fact has been that the reigning types of improved native 

fruits have come into cultivation largely as a result of the force of con- 

ditions rather than as a direct or designed choice on the part of man, 

it nevertheless does not follow that an intelligent choice of species 

has not played an important part in the evolution, and that it may 

not count for still more in the yearstocome. Yet, the student should 

bear in mind the fact that all the most needful types of native fruits 

have now been impressed into cultivation, and that those which yet 

remain in an almost wholly unimproved condition, as many of the nuts, 

the elderberries, the Asimina, and others, will come into cultivation, 

if ai all, only through the expenditure of great effort to make their 

merits and possibilities known. From now on the attempt to intro- 

duce new types of native fruits must be, broadly speaking, a forced 

effort. But if this is true, it does not follow that our efforts at amel- 

ioration should cease, but rather that the most promising and most 

useful expenditure of energy is to be found in still further improving 

the species which are already thoroughly established in cultivation. 

None of these types are yet, and in fact never will be, brought to 

that condition when they may be said to be good enough; and this 

conclusion, while apparently the only logical one, is one which does 

not seem to have been reached by writers upon the improvement of 
our native fruits. The tendency of our writers has always been, 

unfortunately, to urge the importance of undeveloped species, forget- 

ting that the really important things are the ones which we already 
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have, and all of which are far from perfect. The whole question, 
then, is simply that of the best methods of improving fruits in gen- 
eral without respect to their nativity. 

Having now seen that new types of plants are impressed into eul- 

tivation largely because they are needed, and in an undesigned or 

almost fortuitous way, let us ask how these particular domestie fruits 

which are native to North America have been ameliorated. The 
process has been a most simple one: Attractive varieties, or forms, 

have been found, and men have transferred them to the garden. 

This, in essence, has been the method of the amelioration of most 

domestic plants. It is first the discovery of a good form, and then 

the perpetuation of it. What has been called plant breeding is mostly 
diseovery, or, in other words, so far as the cultivator is concerned, it 

is accident. In one place, an attractive wild blackberry is found. 

The bush is taken to the garden, and it is called, after the name of 

the town, the Dorchester. In another place, another form is discov- 

ered, and this, when transplanted, becomes known as the Lawton or 

New Rochelle. Another form is found upon the prairie and is called 

Western Triumph. Now and then one comes up about an old plan- 

tation and is similarly cared for; occasionally a man sows seeds and 

picks out a good variety from the seedlings; still more rarely a man 

keeps a record of the parentage of the seed he sows; and very, very 

rarely one makes crosses and sows the seeds therefrom. 
But, while the new varieties are mostly discoveries, it does not 

follow that there is no skill represented in novelties. The skill is 

expressed in giving the plants the very best of care when once they 

have been transferred to the garden, and the force of this domestica- 

tion is likely to express itself in better or more tractable offspring in 

each generation. While the tendency toward betterment is constantly 
augmented by the habitual selection of the best new forms, that tend- 

ency could be much more rapidly hastened if, in addition to selecting 

the best seedlings which chance to appear, the operator should also 

select the seeds from the best plants with which to raise the seedlings. 
It is interesting to recall how a few prominent varieties of native 

fruits have originated. The old Alexander, or Cape, grape, which first 

introduced a successful viticulture into eastern America, was found 

wild in the woods of Pennsylvania in the last century. The Catawba, 

which is still a popular commercial variety, was found in the woods in 

South Carolina in 1802. There are, no doubt, as good forms of the 

native fox grape in the woods now as there were then, but we have 

now obtained a start in grape growing and we are no longer looking to 

the wild for our varieties. The fox grape is known to be widely vari- 

able in its wild state, and the author has this year obtained no less 

than a half dozen types of large and handsome wild fruits of it, vary- 
ing from deep purple to amber red. The Concord was a chance seed- 

ling in a Massachusetts garden, and it is supposed to have sprung 

eT 
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from a seed of the wild fox grape of the neighborhood. The Worden 

was raised from a seed of the Concord. The Delaware was found in 

the garden of a Frenchman in New Jersey, about fifty years ago, butits 

genesisis wholly unknown. Itis probably a product of an accidental 

cross between the European grape which the Frenchman cultivated 

and some variety of native grape. The Brighton is the product of a 

hand cross made between the Concord and the Diana-Hamburg (the 
latter itself a hybrid) by Jacob Moore, then of Brighton, N. Y. The 

Diana, which was a prominent variety for many years, was grown from 

a Catawba seed in Milton, Mass. Moore Early was grown from a seed 

ef the Concord. The Clinton came up where a handful of grape seed 

had been sown at Hamilton College, Clinton, N. Y., and the old vine, 

now about 75 years old, is still growing on College Hill. The Nor- 

ton Virginia was found wild in 1835, near Richmond, Va. The Isa- 
bella was brought into the North early in the century. Its origin is 
wholly unknown and has been the subject of much speculation. The 

botanical evidence shows that it is probably a native form of the 

Southern fox grape. 

All these specific illustrations of the origin of varieties are fairly 

typical for all native fruits. Most of the forms are random or chance 
discoveries, and they show that the natural tendency toward pro- 

gressive variation in the indigenous fruit species must be great, else 

the domesticated forms could not have reached their present state. 

If so much has been done by mere chance, so far as the horticulturist 

is concerned, there is certainly reason for believing that the rewards 

of plant breeding must some day be great. 

WHAT PROBABLY SHOULD BE DONE. 

What has been done need not be done over again. That is, the best 

results in the amelioration of any species are to be expected by work- 

ing with the highly improved forms rather than with the original 

wild stock. The quickest response to the plant breeder is to be 

expected in those species which are already most ameliorated, and it 

is in these species, also, that the greatest efforts are needed, because 

they are the species which have the most useful qualities for man. 

One can not specify how the native fruits may be improved without 

going into the whole subject of the amelioration of plants,! but it may 

be useful to designate some of the things which seem necessary to be 
done. 

In the first place, we need more varieties of every native fruit now 
cultivated—of grapes, raspberries, plums, cranberries, and the rest. 

This is because new needs are always arising and the fruits are being 

grown in new regions, and new varieties are needed to adapt the spe- 

cies to these new wants. Those persons who are looking for the 

'This subject is fully discussed in Plant Breeding, by L. H. Bailey. 
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coming of the perfect all-around variety are behind the time and are 
constantly getting further behind, for it is becoming more and more 

apparent that it is impossible to combine all the varied and contradict- 
ory specific desires of men into one plant form. There must bea best 
variety for every particular use and locality and soil. The cosmopol- 

itan variety must become more and more restricted in range and use- 
fulness as time goes on and as more refined and specific needs arise. 

People are always saying that we already have too many varieties, 

and an effort is being made to reduce the number. Even the experi- 

menters in the stations usually conceive it to be a part of their duty 

to endeavor to reduce the number of varieties; but what they are really 
deing, or might be doing, is determining the merits of varieties for 

specific uses. If a given variety does not satisfy the ideal of the 

experimenter, that fact is no proof that it may not satisfy the ideal 

of someone else, or that it may not be a positive acquisition in some 

other place or for some other purpose. We shall always need to test 

varieties, to be sure, and the testing must be the more exact and per- 

sonal the more critical we become in our demands. It is out of the 

many new varieties that we shall find the particular ones which we 

ourselves desire. 

In the second place, we need a greater range of variation—more 

divergent and widely unlike varieties. These can be had by select- 

ing out of the annually recurring batches of new varieties those which 

are most unlike the existing types, provided, of course, they are worthy 

to be perpetuated. But they can be most surely obtained by raising 

seedlings from the most unlike types and by the crossing of various 
types. 

In the third place, we need to secure more incidental or minor 

strains of the most popular and cosmopolitan varieties. The Concord 

grape, for example, is a most virile and useful type, and minor varie- 

ties of it, even if they were still called Concord, might adapt the 

variety more completely to some particular purpose or locality. In 

many districts, for example, a Concord a week earlier or a week later. 

than the standard variety might be more useful than a variety wholly 

newin kind. This class of facts is introduced to show that, while we 

need more varied types in our native fruits, we also need to increase 

the usefulness of regnant types by inducing secondary variations in 

them. There are two means of securing these variations. The surest 

means is to take cuttings or buds from those particular plants in our 

plantation which most nearly fitour purpeses. In almost every large 

Concord vineyard, for example, there are some vines which are earlier 

cr later, more or less productive, or otherwise different from the type. 

In many cases the cuttings will perpetuate these differences. ‘The 

second means of securing these incidental forms is by crossing between 

plants of the same variety. The writer is convinced that this type of 

plant breeding is, in general, quite as useful as that of crossing unlike 
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varieties; and after a wide range of variation has been secured and 

when men’s ideals have become critical through education and 

business competition it will be the more promising field. 

In the fourth place, if should be said that the greatest effort should 

be made to preserve or intensify those desirable attributes which are 

characteristic of the wild species. Such attributes are likely to be 

more virile and permanent than similar ones which originate under 

domestication, because they have been impressed upon the species for 

a longer period of time. The intending plant breeder can save him- 

self much time and strength by throwing his own efforts into line with 

the direction of evolution of the species rather than against it. He 

ean not afford even to be indifferent to the natural eapacities of the 

type. For example, other things being equal, the domesticator will 

generally find better results in breeding plants for a dry region by 

selecting those types which naturally grow in such regions. The 

adapting of the grape to limestone soils can no doubt be more quickly 

accomplished by endeavoring to breed up acceptable varieties from 

Viiis berlandieri, which thrives in these lands, than by attempting 

to overcome the pronounced antipathies of the Vitis labrusca types to 

such soils. The first attempt in impressing new fruit species into 

cultivation should be to secure a type which will thrive in the given 

region; the production of ameliorated varieties is a secondary and 

usually a much simpler matter. The first consideration in breeding 

plums for the dry plains regions, for example, is to secure a type 

which will endure the climate—the long droughts, the severe winters, 

and the hot summers. This fundamental desideratum should be 

looked for in the indigenous plums rather than in the domestic types. 

One of the most promising lines of effort in the improving of the 

native fruits is to work with the species which are indigenous to the 

locality, if they possess coveted features and if they are naturally 

variable. 

All this means, as has been said, that there should be a general 

improvement all along the line in our native fruits, the same as there 

should be in any other fruits; and the greatest improvement is needed 

in those very types which are already most improved. In other words, 

we need more to augment the amelioration of types already domesti- 

cated than to introduce wholly new types, although this latter enter- 

prise is also of the greatest importance. The new types may be 

expected to come into use as the demand for them arises, and they 

will come in gradually, and obscurely at first, as the other types have. 

The grape, in the estimation of the writer, needs the first and the 

greatest attention. The types which we grow are still much inferior 

to the Old World types. Our commercial varieties, like the Concord, 

Worden, Catawba, Niagara, Norton Virginia, are generalized types, 

and the market is now overrun with general-purpose grapes. Weshall 

soon be driven into specializations in grapes, as people have in older 
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countries, and special varieties will then be needed. Aside from the 

further improvement of the domesticated native species, we are now 

being driven, by the settlement of the South and West, to the improve- 

ment of other species, as Vitis lincecumii, Vitis champini, and the 

like. 

The second greatest need is in the development of our native plum 

flora; the third is in the further evolution of the brambles, like the 

raspberries, blackberries, and dewberries; the fourth in the amalga- 

mation of the Western crab apples with the domestic apples, for the 

plains and the Northwest. Beyond these four emphatic needs, it is 

believed there are none which stand out clearly and unmistakably above 

all others, although there are a score of native fruit types which are 

erying out for attention. Among them may be mentioned the chest- 

nuts, pecans, gooseberries, currants, cranberries, huckleberries, june- 

berries, cherries, mulberries, elderberries, and ali the tribes of hickory 

nuts and walnuts. 

The stimulus of the improvement will be found in the increasing 

demands made by a high civilization, and the actual work of improve- 
ment will be done by a few patient souls whose love of the work far 

outruns all desire for applause or pecuniary reward. 

EE a 



THE SUPERIOR VALUE OF LARGE, HEAVY SEED. 

By GILBERT H. Hicks and JOHN C. DABNEY, 

First Assistant Botanist and Assistant, Division of Botany, U. S. Department of 

Agriculture. 

INTRODUCTION. 

No farm practice yields more beneficial results than the careful and 

intelligent selection of seed for sowing. The planter who raises a 

special crop like tobacco, cotton, wheat, or corn usually looks care- 

fully to the quality of his seed, while the truck farmer is even more 

particular in this respect, paying a very high price for the best obtain- 

able article. Nevertheless, it is true that in general practice, espe- 

cially in the case of garden and forage plants, there is frequently very 

slight attention given to the real worth of the seed used for plant- 

ing, and not infrequently the grower sells his marketable alfalfa or 

clover seed, for instance, and reserves the remainder, consisting pos- 

sibly of screenings, for his own use. The folly of such a proceeding 

can not be too strongly condemned. Weak or otherwise inferior seed, 

if it comes up at all, often gives rise to sports and new varieties, and 

so far may be valuable for experimental use; only the very best seed, 

however, should be employed in the production of staple crops. Any 

other practice is poor economy. The grades established for clover 

and grass seed, known as “‘ prime,” ‘*‘ choice,” ‘‘ extra prime,” ete., take 

into account only its purity, that is, its degree of freedom from chaff 

and dirt, weed seeds, and other foreign matter. The buyer is assured 

in the most general terms (but not guarantied) that the seed he gets 

is “‘pure, reliable, and true to name,” and selected (by the seedsman) 

with ‘‘reasonable care.” No intimation is given, however, as to the 

proportion which will germinate. It is assumed that any deficiency 

in this respect can be readily overcome by sowing an extra amount. 

The still more important points as to the origin, size, and weight of 

the stock are seldom taken into account. 

Another serious drawback to the selection of good seed is the com- 

mon practice of waiting until about time for sowing before buying. 

It is then too late to ascertain its origin and history or to test its vital- 

ity, even if the planter had a desire to do so. If the cultivator would 

secure the best possible results from his labor, the seed should be bought 

by sample in the fall or winter before planting. First of all, it should 

be examined for purity, and then a simple home germinating test 

should be conducted. If the sample is pure and of good germinating 

capacity, the purchase may be completed, after which a careful sorting 

should be made preparatory to planting in the spring. 

12 A96——20 3805 
” 
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PRINCIPLES GOVERNING SEED SELECTION. 

The principles governing seed selection depend largely upon the 

kind of seed and the object of the crop, whether size, quality, or earli- 

ness of the latter is most desired. It also makes some difference 

whether the plants are to be grown for forage or seed. Certain cli- 

mates, soils, and fertilizers tend to seed production rather than to 

vegetative development, and a plant may be cultivated and selected 

for its seed-producing capacity until a strain of seed is obtained which 

tends to yield plants possessing similar seed fertility. If quality rather 

than quantity of crop be the object, the selection of seed must follow 

a certain line in order to secure plants of the desired characteristies. 
Seed may be selected according to its origin, color, form (consider- 

ing especially whether it is plump or wrinkled), size, and weight, it 

being taken for granted that the selection shall be made only from 

sound, pure, and germinable stock. It is thought by some that the 

value of seed varies in certain cases according to the part of the plant 

or fruit from which it comes. An experiment made in Georgia with 

cotton showed that the bottom bolls produced seed which gave a 

heavier yield than that from the upper bolls, the yield in the former 

case amounting to 1,045 pounds of seed cotton per acre as compared 

with a yield of 750 pounds in the latter. This was undoubtedly due 

to the fact that the lower bolls contained larger and heavier seed, 

rather than because the seed came from a certain part of the plant. 

Many trials have been made of corn selected from the tips and butts 

of the ears. Sometimes one and sometimes the other kind of kernels 

give the best crop. It is quite likely that this variation results from 

the difference in size and weight of the different kernels taken from the 

same ear. In the case of the parsley, carrot, parsnip, and other um- 

belliferous plants, if is commonly supposed that the central stalk 

produces the best seeds. This may be due to the fact that such seeds 

are frequently larger and heavier than those from the lateral shoots. 

The degree of maturity of seed when harvested is an important 

factor in determining its value. Many experiments have been made 

with immature seed, resulting in the conclusion that such seed pro- 

duces as a general thing smaller and less vigorous plants. Professor 

Goff, of Wisconsin, has shown that by the use of immature tomato 

seed there is also a tendency to increased earliness in the maturity of 

the fruit. By means of continued seed selection, plants may be so 

developed as to show a certain flavor, capability of resisting disease, 

general hardiness, earliness, superior content of sugar, oil, starch, 

gluten, ete. : 

METHODS OF SELECTING SEED. 

The manner of selecting seed varies somewhat with its shape, weight, 

and size. If heavy seed is desired, a salt solution may be used, of such 

density that only seeds of a desired weight will sink to the bottom, 
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while all the lighter seed and undesirable matter can be skimmed 

off and rejected. This method is open to several objections, among 

them being the fact that the heavy seeds do not always sink, owing 

to bubbles of air which surround them or to the flat surface which 

some species present. This, however, may be obviated to a slight 

extent by previously boiling the water of which the solution is made. 

Furthermore, unless dried promptly or sown at once, such seeds may 

lose some of their vitality. A better way to obtain heavy seed is 

by making use of the centrifugal principle, applied by running the 

seed through some kind of apparatus which throws the heavier seed 

to a considerable distance, while the lighter seed and chaff drop near 

the machine. By the use of a current of air the same separation may 

be secured, in this case the lightest material being blown away. The 

common method of selecting large seeds is by the use of sieves, either 

by hand or placed in any common fanning mill.' 

The principal object in using the ordinary fanning mills is élimina- 

tion of chaff and other foreign matter, although some of the lightest 

seed is blown out by the fans. It would pay the farmer when he is 

cleaning up seed for planting to work his seed-cleaning machines in 

such a manner as to blow or screen out a great deal of the light and 

small seed, retaining only the largest and heaviest for planting. 

Seeds are sometimes cleaned and sorted by running them through 

a thin metal cylinder placed in a slightly inclined position. This cyl- 

inder is provided with a series of holes of different shapes and sizes, 

which allow certain seeds to drop through at certain points. Machines 

embodying this principle are used considerably in Europe and to a 

small extent in this country. 

The fact needs emphasis, however, that no system of seed selection 

by mechanical means alone is adequate, although such selection, if 

properly practiced by the agriculturist, would invariably bring him a 

decided gain in the size or quality of his crop. Thorough selection 

must begin with the plant itself. Only those plants should be chosen 

for seed purposes which come the nearest to the type which is to be 

reproduced. Such plants are to be harvested and kept by themselves. 

After their seed is thrashed and cleaned, another and rigid selection, 

based upon size and weight, should be made. 

DESIRABILITY OF KNOWING THE ORIGIN OF SEED. 

In the choice of seed the place of its production should receive very 

sareful consideration. Much of the failure to secure a desired crop 

of vegetables or forage plants is due to the fact that the buyer of 

such seed usually has no information whatever as to its origin. The 

soil and climate where it was produced may have been very different 

‘See Yearbook of the U.S. Department of Agriculture, 1894, pp. 406-407, for brief 

description, with figures, of different kinds of screens in use. 
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from his own, and the seed be totally unfit for use on this account. A 

great deal of controversy has arisen from time to time over the alleged 

superiority of Northern-grown seed, and many dealers make a great 
point out of the statement that their seed is Northern grown. This 

is not a question of section alone, nor is it true that Northern-grown 

seed is always superior to that raised in other latitudes. As is well 

known, certain plants thrive better in one locality than in another. 

Plants adapted to Northern climates or high latitudes where the sea- 

sons are short mature more quickly than if grown under different 

conditions, and hence yield a strain of seed which in time tends to 

produce quickly maturing plants. However, such seed frequently 

‘‘runs out” quickly when planted in a different climate and gives 

rise to very different strains from the original stock; hence, a constant 

renewal is necessary to maintain the type desired. In many cases 

by a system of careful cultivation and selection a desired strain 

may be secured and thoroughly acclimated, so that the introduction 

of outside stock becomes unnecessary. The fact that many kinds of 

imported seed do not produce as good crops as home-grown seed 

of the same variety is to some extent due to a difference of climate. 

The imported seed, while perhaps cheaper in the first instance, owing 

to the less cost of production, may be much dearer in the long run, 

since it is seldom so pure as American-grown seed, and frequently 

gives rise to noxious plants which the buyer neither desires nor 

pays for. 

Soil, as well as climate, impresses seed with a particular character. 

It is not necessarily the most fertile soils which furnish the most pro- 

ductive seeds. If seeds are transferred to a different kind of soil 

from that upon which they were grown, although the climate be the 

same, a marked difference in crop is frequently noted. Experiments 

in growing oats have shown that certain varieties raised on a light 

soil were the most productive if sown on a similar soil, while the same 

varieties of seed if grown on heavy soil showed a preference for heavy 

soil. These facts indicate that, in many cases at least, the farmer 

will get the best results from seed which he has grown himself under 

conditions well known to him. 

The Department of Agriculture frequently receives requests from 

European seedsmen for seed of various kinds raised in a part of the 

United States the climatic and soil conditions of which correspond 

most nearly to those of their own localities, thus showing an apprecia- 

tion of the value of a knowledge of the origin of seed. Most of our 

own seedsmen show a similar interest in knowing where their seed 

was grown. Unfortunately, however, this interest prevails at the 

present time among the buyers of seed only to a very limited extent. 

The farmer should secure from the dealer whenever possible a state- 

ment of the origin of the seed which is offered for sale. Until such 

requests become much more common than they are now, seedsmen 

— 
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will continue to offer seed accompanied by no information save its 

name and brief directions for planting. 

Seed should be selected with reference to its ancestry as well as to 

the place and conditions under which it was grown, or its individual 

characteristics. Plants, no less than animals, inherit the qualities of 

Herour © SEPT. OcTOBER NOVEMBER 
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Fia. 74.—Development of soja bean from heavy and light seed: The upper curves represent 
plants from heavy and the lower those from light seed. 

their forerunners, and this applies to seed as well as to the plant taken 

in its entirety, especially if grown for seed alone, as in the case of the 

cereals and some legumes. Unfortunately the ancestry of seed can 

rarely be traced by the purchaser. 
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The main purpose of this article is to show in a brief way the advan- 

tage of using only large and heavy seed for planting, and, if possible, 

to establish the principle that it will pay in many cases to buy a larger 

quantity of seed than is to be used, in order that only a larger and 

heavier seed may be selected for planting. 

Sie ce 

it 

Fig. 75.—Soja bean, 12071 (heavy compared with light seed): A, planted September 15, 1896, 

photographed October 15, 1896; plants in rear pots from heavy and those in front pots from 
light seed. B,four typical plants photographed at the close of the experiment, the two at left 

from heavy and the two at right from light seed. 

MANNER OF CONDUCTING SEED-SELECTION EXPERIMENTS. 

The series of experiments upon which this paper is based were con- 

ducted in a greenhouse by the writers during the winter of 1896-97. 

Seeds of the following plants were employed: Garden peas, beans, soja 

beans, hairy vetch, rye, barley, wheat, and oats, the three first named 

being principally dealt with here. In all cases except that of the hairy 
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vetch the seed was of known origin, each variety having come from a 

single lot grown in one place. We consider this fact one of the most 

important conditions of the experiment. In many experiments on 

record of somewhat similar nature no mention is made of the origin 

of the seed, which is generally of the ordinary commercial kind and 

often a mixture of various lots grown under different conditions. 

The results obtained from such seed can not be relied upon. 

The seed was carefully separated into two lots, one of heavy the 

other of light seed, the individual seeds of each lot having approxi- 

mately the same weight. These seeds were planted in pure sand, and 

the plants were given equal amounts of a culture solution which con- 

Fig. 76.—Seedlings from heavy and light seed: I, Vicia faba, 12072. Weights: A, seed, .847 

gram; plant, llgrams. B,seed, .389 gram; plant, 6.5 grams. II, Soja hispida, 12071. Weights: 

A, seed, .164 gram; plant, 1.5 grams. B, seed, .120 gram; plant, .7 gram. 

tained all the necessary elements of plant food. They were kept from 

first to last under identically similar conditions so far as possible, 

measurements and photographs being made from time to time. At 

the conclusion of each experiment typical plants from each lot were 

photographed, carefully taken from the soil, weighed, and measured. 

EXPERIMENTS WITH SOJA BEANS OF DIFFERENT WEIGHT. 

The table following shows the comparative growth of soja beans 

from heavy and light seed. The seed used in this experiment was 

raised at the Massachusetts Agricultural Experiment Station. Jt was 

planted September 15, 1896, and harvested December 12, a growing 

period of eighty-eight days. 
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Development of soja bean from heavy and light seed. 

(a) FIVE HEAVY SEEDS. 

Weight.! Height Number Length | Diame- 
Number of plant. of of of ter of 

| Seed. Root. |Shoot.| Plant.) plant.| leaves. taproot.) stem. 

Grams. Grams. Grams. Grams. 

(0.7) | (3.3) | (4.0) Mm. | Mm. Mm. 

nn A er ee 8.6 | 13.4 352 17 20 4.0 
| (.6) | (6.7) | (7.8) | 

6s to ne oe POR 9.7 | 143 ) 405 19 38 | 4.0 
(.9) (3.8) (4.7) / 

eee ee Bi 9h, AM: 201) 5.8 9.7 | 15.5 | 407 2 | 215 4.5 
(.6) | (2.6) (3.2) | 

jo see os ipa) |. 219) Be) Wak | G8) Ab fp Se! oan 3.5 
/ (1.2) | (6.6) (7.8) | 

Doone oe ae ee ee 8 | 2 | 198 5.0 

| (4.0) | (23.0) | (27.0) | 

Wahal 2a 6 Se Da 1.010} 31.10} 55.0 | 86.1 | 2,062 114 1,073 | 21.0 

(0.8) | (4.6) | (6.4) | | 
Average. _.... ._-_.--- me! 692| 1.0 | 17.92] 4124) 228 | 214.6 4.2 

(b) FIVE LIGHT SEEDS. 

a | 
(0.4) (2.4) | (2.8) 

ele ae rmesin S 0.07| 39 | 63 | 102 261 15 352 3.0 
| (.2) (2.0) (2.2) | 

12. Ss Fe eee ee 088 | 2.0 4.8 6.8 281 13 180 3.0 
(.2) (.8) (1.0) | 

le ee — f 065} 12] 25 | 39 157 | 11 195 2.5 
(.7) (4.0) (4.7) 

wee a See .o76| 8.0 | 11.7 | 19.7 | 348 1s | 3% 4.0 
1 & (3.0) (3.4) ' | 

SS he See, ee Ee Oe .086| 2.7 | 6.9 9.6 | 344 | 11. | aaa a: 3.0 

(1.9) | (42.2) | 4.1 | 
ee oe Pe F 412| 17.8 | 32.2 | 50.0 | 1,386 68 1,284 | 15.5 

: (.4) | (2.44)| (2.82)] 4 7 j 

Average.__...______.- 082 3.56 | 6.44) 10.0 | 277.2 13.6| 256.8 3.1 

1 The weights in parentheses are air dry, the others fresh. 

A reference to the table shows that the heavy seed (lot a) weighed 

over twice as much as the light (lot 0), and the resulting plants 

weighed nearly twice as much in the former ease as in the latter. 

The development of the soja beans was retarded for a couple of 

weeks by unavoidable lowering of the temperature in the greenhouse. 

Afterwards the growth was uninterrupted and the plants at all times 

were healthy, although the usual somewhat bushy habit of similar 

plants in the field was not attained. No root tubercles were devel- 

oped, with the exception of a few on No. 12. The experiment was 

closed at a time when the plants were in the best condition for for- 

age or green manure, that is, about the time of flowering. It is not 

known, however, whether this degree of difference would have been 
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maintained in the open field. Hellriegel claims that the difference 

between mature plants from large and small seed is greater in im- 

poverished soil than in that which is richly supplied with food 

material. The difficulty of absolutely controlling the conditions of 
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Fia. 77.—Development of Extra Early Alaska peas from heavy and light seed: The stars show 

when the pods were ready for the table; the upper curves represent plants from heavy seed 

and the lower curves plants from light seed. 

plants in the field makes results from such experiments somewhat 

uncertain. Although no organized food was furnished to the soja 

beans in this experiment, an abundant amount of all the elements 

necessary to plant growth was constantly given them. The plants of 
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each lot were treated alike and the results obtained hold perfectly 
good for comparison, although the greenhouse conditions were not as 

favorable as could have been wished and the total development was 

much smaller than it would have been in the open field, where it is 

believed a greater difference would have been shown in the result. 

It has also been stated by Hellriegel that the differences in plants 

grown from large and small (in this case equivalent to heavy and 

light) seed are most apparent in their earlier stages, growing less 

marked toward maturity. He further claims thata greater difference 

at maturity is visible in plants grown in quartz-sand cultures than in 

those grown in garden soil. The curves shown in fig. 74 are of great 

interest as bearing on this point. It will be noticed that, while the 

two plants of each lot maintained an approximately equal growth 

throughout the experiment, during the early seedling stage—that is, 

for the first week from the time of planting—the plants from both 

heavy and light seed showed nearly the same degree of development. 

From this period the growth of the two lots began to deviate consid- 

erably, reaching its widest divergence at the close of the experiment. 

Fig. 75 is taken from photographs, one made thirty days from the time 

of planting and the other at the close of the experiment. In both 

cases a striking difference is shown in the development of the plants 

from the two kinds of seed. The difference between seedlings of soja 

beans from heavy and light seed is seen in fig. 76, II, which represents 

a typical seedling from a lot of heavy and another from light seed. 

The difference in development is equally apparent in roots, stems, and 

leaves. <A study of the individual plants (see table, p. 312) shows that 

each plant (fresh) in lot b was lighter than any of lot a, excepting No. 

17. In this case the large weight is unaccountable. The pot in-whieh 

this plant grew proved to be less porous and hence more retentive of 

moisture than any of the rest, and to this fact some of the extra vigor 

may have been due. Plant No. 16, from some unknown cause, showed 

a retarded development from the first, and was lightest at the close of 

the experiment. However, the extra development of one plant is 

nearly offset by the weakness of the other, and the average result is 

only slightly affected, although the difference in favor of the heavy 

seed would have been more marked if these plants had not been 

taken into account. It will be observed that while the weight of each 

plant is not exactly proportional to that of the seed, there is an 

unmistakable average proportion maintained in considering the total 

of each lot. 

Plants from the heavier seed were greater not only in weight, but also 

in length, in number of leaves, and in diameter of stem. Although 

the average root length was greater in the soja beans grown from light 

seed, the total root development was much less. The advantage to the 

heavy seed plants in possessing a greater root development is evi- 

dent in the fact that such plants have so many more absorbing organs 
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for taking up the food elements of the soil. Another great advan- 

tage, especially while in the seedling stage, is in the better soil grasp 

afforded to such plants, giving them a firmer hold at a period when 

the wind or other unfavorable circumstance is most likely to uproot 

them or lay bare their roots. The greater stem diameter is correlated 

with a larger number of tubes (vascular bundles) for pumping up the 

nourishment to various portions of the plant. The larger leaf sur- 

face secures greater transpiration and consequently a more rapid food 

supply, as well as a greater capacity for transforming the raw food 

materials into the organized substances necessary for growth. 

EXPERIMENT WITH PEAS. 

In selecting heavy peas for seed the same advantages were attained 

as in the case of the soja bean, with the addition of a very important 

factor—increased earliness. The seed used in this experiment was 

grown on the Department grounds, under conditions of soil as nearly 

identical as possible. The following table gives the result of the 

experiment: 

Development of Extra Early Alaska peas from heavy and light seed. 

(a) FOUR HEAVY SEEDS. 

Weight. Length. |© reece ene olka Ste 

Number : : = & : a a pa ba a 23 
of plant. | ...5 = s fg#} 2/8 | & |e8lealgs or a 5 a . oe) et 5 ag ap = ae aal;/aqm—| ad 

oq rs) = bs) a ° = PI 3} = Ps oe 
ns ° g 5 3 & 3 Se 5 2 — | ee 

a} & | wm x N Ay 5 n IA 4 aa a Wa |e" 

Bia ty: 0.250} 3.2 | 1.0 [0.466 [1.409 | 6.075 | 395! 770/12| 107! 28) 18] 2| 6! 30 
Se 253 12.5 | 1.0] .385 |L.777 | 5.662| 200] s90/12| 136| 41| 22! 3! 91 30 
a ae .274] 2.2 | 1.3 | .390 [1.723 | 5.613 | 280| 990/12] 108| 28! 18] 21 91| 30 
. 2 264/1.2 | 1.1 | .358 |1.677 | 4.335 | 290| 900/12! 132/ 371 231 3! 9! 3.0 

Total__/1.041 | 9.1 | 4.4 [1.599 [6.586 [21.685 {1,165 [3,550 | 48] 483/ 134] 9811 10! 331 12.0 

Aver- cea s 4 Re ak PS as (PO A 

age _.| .260 | 2.27 | 1.1 | .399 |1.646 | 5.421} 201| sevy{/12] 120! 33] 20/25!18.2] 30 
} 

(b) FOUR LIGHT SEEDS. 
a 

eae 0.102 | 0.8 | 0.6 |0.205-1.075 | 2.680 | 222] 605 | 11 96 26 | 14 4 6] 2.5 

ee. 108] .5 | .5 |.189|.889]2.078| 255|/ 526/11! 98| 26] 13/ 2] 5] 25 
ia 102} 1.0 | .6 | .182| .735|2.517| 178| coz}11| s¢| 25/ m4] 2] 4] 3.0 
eS 103] .8 | .5 | .184].915| 2.399 | 200/ v48/11| 85| 2! 18] 2! 6] 25 

Total..| .415 | 3.1 | 2.2 | .760 |3.614| 9.674 | 945 |2,481 | 44| 353| 101| 54| 8| 21 | 10.5 
— = = = —— == = 

Aver- | 

age..|.103| .77| .55| .190| .903| 2.418 | 236] eola1| sal 2s | 1i3.5| 2/52] 26 
| 

Nore.—The weights are air dry in grams ; the measurements in millimeters. Five seeds were 

used in each lot, but the flowers of the fifth plant of lot a were not fertile: hence, this plantis 
not used in the table. One plant was rejected from lot b to make the results comparable. 

As will be seen by referring to the table, the peas from the heavier 
seed made a better growth in every way than those from the light 
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seed. The seed used in lot @ was two and one-half times as heavy as 

that in lot b, while the air-dry plants from the heavy seed weighed 

two and one-fifth times as much as those from the light seed. Thus, 

it is seen that nearly the same ratio of difference obtains in the total 

crop as in the seed used for planting. The flowers in lot a began to 

blossom four days earlier, on the average, than the others, and pro- 

duced the first marketable peas four days earlier. (See fig. 77.) As 

a crop, the pods on 

Ks plants raised. from 

large seed were ready 

for table use from five 

to six days earlier than 

those on the plants 

produced from small 

seed. This advantage 

held good for all the 

plants -in the experi- 
ment, 

The ability to mar- 

ket a crop of peas from 

four to six days earlier 

than otherwise possi- 

ble by merely selecting 

the heavier seed for 

planting would be of 

very great value to the 

truck gardener and 

would involve a gain 

throughout the coun- 

try of thousands of 

dollars for those en- 

gaged in this industry. 

No one quality is more 

sought by the trucker 

than earliness, and 

from a financial point 

Fic. 78.—Peas, Extra Early Alaska, from heavy and light seed : of view this is the 

Plants at the left are from heavy and those at the right from most valuable charac- 

oat teristic attainable in 
the production of many kinds of vegetables. A difference of six 

days in the maturing of peas is almost equivalent to a difference of 

100 miles of latitude. While it is true that as great a difference in 

earliness might not always obtain in general practice, the experiments 

conducted show conclusively that similar selection of heavy seed peas 

is worthy of the attention of truck gardeners, and especially of seeds- 

men who are desirous of originating extra-early varieties. 

| 
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The use of the larger or heavier peas, however, resulted in an increase 

of crop as well as in earliness. (See table, on page 315, and fig. 78.) 

There were more blossoms and marketable pods on the plants from 

heavy seed than on those from light seed. Furthermore, the weight of 

the air-dry fruit (pods and peas together) was nearly doubled by the 

use of the larger seeds. An examination of the soja bean showed that 

the difference in weight in the fresh state between plants from heavy 

or light seed was considerably greater than when the same were air- 

Fic. 79.—Beans, Extra Early Red Valentine, 11469, large compared with small seed: A, planted 

September 16, 1896, photographed September 30, 1896 ; plants in rear pots from large and those 

in front pots from small seed. B, four typical plants photographed at close of experiment. 

dried; hence it is not unlikely that if the peas had been weighed 
green—that is, as they would have gone to market—the advantage of 

the use of the heavy seed would have been still more striking. 

EXPERIMENT WITH BEANS OF DIFFERENT WEIGHT. 

An experiment conducted with Extra Early Red Valentine beans 

indicated a similar advantage in increasing the earliness by the use of 



318 YEARBOOK OF THE U. 8. DEPARTMENT OF AGRICULTURE. 

heavy seed. These plants maintained a marked difference in develop- 

ment from the first. Fig. 79, A, represents their condition two weeks 

after the seeds were planted. Every plant excepting one from the 

heavy seed showed a marked increase in size over the plants from 

light seed at the time this photograph was taken. This difference was 

maintained until the close of the experiment. (See fig. 79, B.) The 

difference in vigor was shown also in the greater diameter of the stems, 

which averaged five-tenths of a millimeter more in each plant in lot 

a than in those in lot b. 

We are aware that there is a common belief that weak seeds tend 

to produce earlier fruiting plants than seeds which are more vigorous, 

but our experiments gave decisive indications that the contrary is 

true, at least in some cases. 

Fic. 80.—Root development of plants grown from heavy and light seed: I, beans, Extra Early 

Red Valentine; II, peas, Extra Early Alaska. The two roots at the right in each case are from 

heavy and the two at the left in each case are from light seed. 

ROOT DEVELOPMENT OF PLANTS FROM HEAVY AND LIGHT SEED. 

The increase in the root development of plants resulting from the 

use of heavy seed is well indicated in fig. 80, 1, which shows the fresh 
roots of four typical plants of the Red Valentine beans used in the 

experiment discussed above. The weights were as follows: Fresh 

roots of plants from large seed, 9 and 17.7 grams, respectively; of 

plants from small seed, 4.1 and 4.5 grams, respectively. 

Not only in weight, but also in length and number, were the roots 

from heavy seed greater than those from light seed. Neither length 

nor number of the main roots is of as great importance, however, 

as the total weight, which indicates not only a greater individual 

diameter, but also—and this is of much more significance—a vastly 

larger number of little rootlets and root hairs for absorbing food from 
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the soil. The weight of the fresh roots from both lots of beans was 

directly proportional to the weight of the seed, being nearly twice as 

great in lot w from heavy seed as in lot b. The comparative devel- 

Fic. 81.—Early development of barley from heavy and light seed: Barley, Salzer’s, 13093. 

Planted September 30, 1896, photographed October 14, 1896. Seedlings weighed as follows: A, 

39.5 grams; B, 34.5 grams; C, 29 grams: D, 23 grams. Fifty seeds were planted in each lot, 

weighing as follows: A, 2.522 grams; B, 2.146 grams; C, 1.496 grams; D, .957 gram. Typical 

seeds from each lot are shown natural size. 

opment of roots grown in the same soil and under other similar con- 

ditions can not alone be taken as the index of a plant’s vigor, but it 

goes a long way in this direction. 
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The roots of the peas were not weighed fresh, but when air dried 

those from the heavy seed averaged 2.27 grams to 0.77 gram in the case 

of those from the light seed, the seeds averaging 0.260 gram in the 

former case and 0.103 in the latter. (See table, on page 315.) In 

Ses 3a9 €@ &9 ® ®ee occ eee 
A 
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Fia. 82.—Early development of radish from heavy as compared with light seed: Radish, Early 

Long Scarlet, 11256. Planted October 16, 1896, photegraphed November 5, 1896. Fifty-eight 

seedlings of each lot weighed November 9, as follows: A, 49.5 grams; B, 31.5 grams. Typical 

seeds are shown natural size; A, 100 weighed 1.770 grams; B, 100 weighed 1.037 grams. 

other words, the seeds of lot @ were two and five-tenths and the roots 

of lot a two and nine-tenths as heavy as the corresponding seeds and 

roots from lot >. This difference is strikingly shown in the roots of 

four typical plants represented in fig. 80, II. 

@2eeeeaec 29206 ®60@@e2Cee09 
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Fic. &3.—Early development of kafir corn from heavy and light seed: Red kafir corn, 11704. 

Planted October 16, 1896, photographed November 20, 1896. Forty-seven seedlings of each lot - 

weighed as follows: A, 22 grams; B,13 grams. One hundred seeds were planted in each lot, 

weighing as follows: A, 3.398 grams; B, 1.741 grams. 

RELATION OF HEAVY SEED TO THE EARLY STAGES OF PLANT GROWTH. 

Planters frequently experience difficulty in obtaining a good stand 

of grain and other crops. Sometimes the seed comes up very unevenly, 

either leaving certain portions of the field bare or producing plants of 
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unequal height and vigor. The weaker plants, if they grow to ma- 

turity, produce a smaller crop of forage and fruit than those which 

had an early and better start. Furthermore, the value of the crop is 
greatly lessened owing to the larger proportion of light seeds and 

screenings which are rejected when it is offered forsale. Frequently 

the extra labor and expense of harvesting portions of the crop at dif- 

ferent times are made necessary. 
A still more serious drawback results from the fact that many weak 

plants perish in the seedling stage. If any of the seeds are lacking 

in vigor, even though they may germinate, a sudden change in tem- 

perature, or a prolonged drought, or a slight frost is apt to destroy the 

plants while in their young and tender condition. 

Insufficient attention has been paid to the fact that different seeds, 

even of the same variety and lot, possess an unequal vigor, which shows 

itself in the plants produced. It should therefore be the aim of the 

planter to so select his seed that both vigor and uniformity may be 

secured. 
In order to compare the germinative power and stand of plants 

grown from heavy and light seed,a series of experiments was con- 

ducted in the greenhouse, in well-drained shallow boxes (greenhouse 

“‘flats”) filled with sand, cleaned and sifted. The seeds were first 

sorted by means of sieves into different sizes and then counted out 

in lots of 50 to 100, only sound seeds being taken. They were 

next weighed, photographed (natural size), and planted, both the 

heavy and light seed being in the same box. All the seeds of a single 

variety were covered with the same depth of sand and were kept 

under similar conditions throughout the experiment. Equal amounts 

of the same food solution were given them from time to time. A 

record was also kept of the germination. At the close of the experi- 

ment, which ceased before the plants had grown beyond the seedling 

stage, they were photographed, then taken out of the sand, cleaned 

and weighed while still fresh. Radish, amber cane, red kafir corn, 

barley, sweet pea, winter vetch, oats, and rye were used in this exper- 

iment. The differences in the comparative size of the seeds and seed- 

lings is illustrated by figs. 81, 82, and 83, taken from photographs. 

The results of the experiments are given in the following table: 

Experiments with heavy and light seeds. 

of : .| Number of Number . 

Name of variety. ay ned Weight pa bee plants jofdaysof ay erent 
i each lot of seeds. matad weighedin] experi- The 

: ©¢. | each lot. | ment. 8S. 

Grams. Grams. 

Radish, Early Long Scarlet--.-..-----! 100 A 1.770 AB 53 PZ) A 49.5 

B 1.037 B 84 B 81.5 

Cane, Early Amber -......-....-.- 100 | A 2.411 A 43 43 40 A. 23.5 

| B 1.860 | B 48 B 12.0 

12 A96 21 
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Experiments with heavy and light seeds—Continued. 

ee <— fie crteit Number of) Number Weight 
= eee sore Sea eight |~ “ plants jofdaysof £ Nemo ot variety. _—_| suis in | QF sacs, | GERM ledighed inl exper. | OfSe08 

| Grams. | Grams. 

Kafir Corn, Red _............---..-_| A3.208| A 47 | 39| A 22.0 
| B1w4| B49 B 13.6 

ee 50 | A4om| A48 47 | 15| A330 
B 2.099 B 47 B 18.0 

Svrect Pea, Her Majesty ---.------.--- 50 | A 6.092 A 46 41 26 A 58.9 

C 4.045 C 47 C 44.4 

Rye, University of Minnesota, No. 2- 50 | A 1.165. A 45 45 23 | ASLS 

B .745 B 45 B 20.0 

Oats; White Wonder.=.-=-....- 5 50 | A 1.258 A 50 49 3 A 87.2. 

B .805 B 49 B 25.0 

Barles ,Salser’s: ©. «2c. fo secs 50 | A 2.522 Equal | 19} A325 
| B2. 146 || Not re- ; numbe B 3i.5 

| © 1.495 |fcorded. kine of et C 29.0 
| D sill | D 23.0 

Norer.—A, heavy seed or seedlings; B, lighter than A; C, lighter than B; D, lighter than C. 

As will be noticed by a study of this table, there was in every 

instance a marked increase in the weight of the seedlings from the 

heavier seed which was closely proportionate to the difference between 

the weight of the seed. The experiments were too limited in number 

to warrant any conclusion concerning the difference, if any, in the 

germinability of the heavy and light seed, either as to the time the 

sprouts appeared or the number produced. In the various experi- 

ments some of the plants were used for other purposes and could not 

be weighed. The number of seedlings taken into account in the dif- 
ferent lots of each variety was the same, so that the results are per- 

fectly comparable. The seedlings from heavy seeds always showed 

more vigor than those from the lighter seeds, and there seems no 

doubt that this superiority would have been maintained to a consid- 

erable extent in the field. Of the barley, four different sizes and 

weights were taken and a corresponding gradation was noted in the 

seedlings therefrom. 

Owing to a lack of facilities, these experiments were not conducted 

on a field scale, but numerous investigators both in this country and 

Europe have found that heavy seed wheat, oats, ete., produce heavier 

crops in the field than lighter seed of the same variety sown under 

similar conditions; and there seems no reom for doubt that, in the 

majority of instances at least, the selection of large or heavy seed 

will amply repay the planter for all the extra time, labor, and money 

expended. 

oa * a 



TREE PLANTING IN WASTE PLACES ON THE FAR. 

By CHAarLes A. KEFFER, 

Assistant Chief, Division of Forestry, U. S. Department of Agriculture. 

GENERAL REMARKS. 

This article is purposely confined to the treatment of limited areas 

of land rather than the planting of waste lands in general, because it 

is thought that there are very few farms in the United States in which 

such limited areas do not occur, for the planting of which practical 

suggestions may be given, while for the larger operations of exten- 

sive wastes—such as dunes, sand hills, and deforested mountain 

lands—the methods of technical forestry are more applicable. 

In the most favored region the farm ‘‘ cf which every foot is arable” 

is seldom seen. Even on the richest of prairie farms the crests of the 

rolling surface are apt to become impoverished after years of tillage, 

in spite of the best efforts of the farmer, and when the crops fail to 

pay for the labor expended on them the land is as surely ‘‘ waste” 

as though it were undrained swamp or rocky hillside. In the less 

densely populated parts of the country, where land is cheap, the 

fields are abandoned when this stage is reached. In the East and 

South, that is, within the forest area, where the entire country was 

ence covered with forest, natural reforestation soon takes place, and 

in a few years the old fields are clothed with pines, spruces, and decid- 

uous trees, the varieties being dependent upon the adjacent growth. 

Within this area the farmer can always control the character of the 

forest growths on the waste lands of his farm, either by planting or by 

use of the axe, or both, and there is oftentimes great need of good 

judgment in cutting out inferior trees or undesirable varieties. 

The farm is to be regarded as the capital of the farmer, which is 

invested at its best only when every acre is producing the most valu- 

able crop in the greatest quantity of which it is capable. Unprodue- 

tive land is as surely “dead stock” as unsalable merchandise, and just 

as the merchant finds a higher rate of profit in some lines of trade 

than in others, so the farmer finds certain fields more profitable than 

others. Both merchant and farmer are foreed at times by the exigen- 

cies of business to continue the less profitable investments, and he is 

most successful who turns them to the greatest possible account. 

The thin-soiled ridges of the farm, covered, as they may be, with 

forest growth, fulfill a threefold purpose: they form a wind-break to 
the adjacent fields, increasing thereby their productiveness; they hold 
the drifting snows, and insure their slow melting, thus prolonging the 

323 
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opportunity for absorption of the snow water by the adjacent fields 
of lower elevation; and they prevent late and early frosts by creating 

air currents and controlling their direction. 

Few farmers seem to have realized the great value of a close-planted, 

thick-foliaged grove as a conservator of moisture. The effectiveness 
of a wind-break depends upon its location, density, extent, and 

height. Well-planted groves, set thick at the borders, especially 

with coniferous trees, located on the crests of the ridges in the prairie 

farms of the Mississippi and Missouri valleys, would do much toward 

breaking the force of the winds which blow so constantly, protecting 

the crops on the sheltered slopes and forming protected runways for 

stock in winter. The snows accumulating in such groves are shaded 

from the sun, and long after the“adjacent fields are bare the snow is 

slowly melting and the water trickling down over the plowed fields, 

which are thus thoroughly saturated. 

It is not to be supposed that limited plantations, confined to the 

waste places of the farm, would have an appreciable effect on the gen- 

eral climate of a region, for the influences must be great that can 

affect atmospheric conditions over a wide area. Locally, however, 

the planting of hilltops and the consequent heightening of elevations 

will often result in the creation of air currents that will prevent cold 

air from settling in the lowlands between, thus obviating late spring 

and early autumn frosts, and this protection can be made more efficient 

if the configuration of the neighboring lands be studied with a view 

to creating the strongest possible draft. 

In regions where tender vegetables and fruits are largely cultivated 

such protection may be of primary importance, and the clearing of 

adjoining hill crests and slopes will often result in serious disturbance 

of the local climate. 

The great utility of forest plantations in saving snow water to the 

adjacent fields has been mentioned. The summer rains are also saved 

to the farm by the same means. Following the deep-descending roots 

of the trees, they are retained in the lower strata of the soil and then - 

pass to the adjoining lands and are brought within reach of the grow- 

ing plants. Such plantations are beneficial also in checking evapora- 

tion from the growing crops by breaking the force of the wind. This 

utility is of the utmost importance in the Western States, where there 

are no natural groves except near the rivers. 

Situated on the crests of slopes whose sides, together with the low- 

lands between, are under tillage, a forest plantation has much greater 

value as a wind-break than where the order is reversed, or than on 

level ground. As the winds are in general parallel to the earth’s sur- 
face, any obstruction which turns them upward on a rising slope will 

protect the land beyond such slope. The matter of protecting a crop 

at crucial periods of its development is a vital one in Western farming, 

where it not infrequently cecurs that hot south winds sweep over the 
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country while the grain is in the milk or dough stage and completely 
ruin it. Instances of fields protected from such storms by well-grown 

forest plats are not uncommon. Windstorms of great severity are 

also of frequent occurrence in the spring, when the young grain is 

literally twisted off at the surface of the ground or the soil is so blown 

away as to expose the roots. Itis asa protection against such storms 

that the planting of thin-soiled ridges and fence lines and of the por- 

tion of the section-line highways not needed for the purpose of travel 

is urged. 

In general, the climatic conditions of the forested area of the country 

are less extreme than those of the plains, but with the record of the 

three recent drought years the need of moisture conservation is appar- 

ent alike in the East and West. 

While in the West the thin-soiled ridges are best devoted to tree 

growth for wind-breaks and snow catches, throughout the Eastern 

and Southern States such localities should be kept in trees for the 

prevention of erosion or gullying, one of the most troublesome results 
of tillage. 

The general action of the elements in uneven or rolling surfaces 

invariably tends to carry the more fertile top mold of the higher 

ground, or at least the decaying vegetation on the surface, to the 

lower levels, which thus relatively increase in fertility at the expense 

of the elevations above them. In addition to this general tendency 

there have been deposited throughout the Northwestern States, by 

glacial and water action, drift soils containing a great quantity of 

bowlders, which are especially thick on the high ridges, making their 

cultivation very expensive. In many localities throughout the Mis- 

sissippi Valley the trend of the underlying strata of rocks is upward, 

often coming so close to the surface in the ridge lands as to render 

them worthless for cultivation. Along many river and exeek valleys 

the hills which confine the lowlands rise so abruptly as to make cul- 

tivation impracticable. These and many other special cases which 

might be mentioned constitute the waste highlands of farms, all of 

which should be devoted to forest-tree culture. 

Trees, as has been seen, can exist and make a profitable growth on 

lands too poor to support farm crops. When planted in the thin soil 

of a limestone hill crest, they may make very slow growth during the 

first few years; but as the soil becomes shaded by the tree tops the 

growth becomes more rapid, and when the trees have attained a strong 

foothold, their roots penetrating the crevices of the rocks to the water 

below, they grow with additional vigor. 

Yet, it is not to be expected that as vigorous growth can be secured 

in these high waste places as in the lower, moist, and deep soils. 

Because the white cedar, the cypress, and the tamarack are found in 

swamps, where the surface of the soil is under water more than half 

the year, it does not follow that this is the ideal condition for them; 
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neither must it be thought because scrubby red-cedar trees find a 

lodgment in the limestone outcrop of the Kansas River bluffs that such 

sites are the best for their growth. Such instances only prove the great 

eapability of trees to endure adversity, and show that there are few 

waste places in which they can not grow. 

One has only to reeall the general character of the waste places of 

the farm to realize how little can be gained from cropping them. The 

ridge soils are too thin to support a growth of cereal crops; the swamp 

soils are too wet for tillage; the cultivation of irregular plats of small 

extent becomes too expensive, by reason of the difficulties of plow- 

ing, seeding, and harvesting. Once in trees, these difficulties are 

reduced to a minimum. The thin soils of the ridges are protected 

from the weather by the tree crowns, and their decaying foliage grad- 

ually increases the fertility of the soil. 

Of the planting of swamp lands on the farm, little need be said, for 

the reason that such lands, properly drained and managed, are too 

valuable for tillage to be used for tree culture. There is deposited in 

them not only the decayed vegetation by which they have been coy- 

ered for hundreds of years, but also much of the fertile materials 

which the descending waters have brought from the higher levels. If, 

however, drainage is impossible, such land is much better covered 

with trees than standing idle. Throughout the irrigated districts of 

the West many places also are made too wet for tillage by seepage 

from the ditches. Such places, if properly underdrained, may be con- 

tinued in cultivation without especial difficulty, but if for any reason 

drainage can not be accomplished the ‘‘seepage spots” can be profit- 

ably planted to trees. 

The odd corners and fence rows of American farms represent in the 

aggregate a great quantity of unproductive land, which might be 

planted to trees. Such limited areas, often composed of but a few 

square rods or very narrow strips, can not be treated as forest, but 

trees must be grown on them for special purpeses, in which timber 
production will hardly be considered. 

The highways throughout the farming districts of the United States 
may be bordered with trees, which, while giving shade, may be used 

as living fence posts, or may become valuable nut orchards, but in 

any event will afford protection, in winter and summer alike, to the 

traveler and to the adjacent fields. In Minnesota, Wyoming, and 

other Western States the highways are ai least 65 feet wide, and often 

a hundred. These tracts, separated only by wire fences from the 

ultivated fields, are not merely waste lands, but, for the mest part, 

veritable propagating beds for noxious weeds, which cause much loss 

to the farmer. Try as he may, he ean not protect his lands from 

Russian thistle, mustard, and the numerous other weed pests so long 

as these bread highways exist as a seeding ground for them. If they 

were planted to trees, with a vigorous undergrowth to protect the 
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surface of the soil, they would not only make any weed growth impossi- 

ble, but would also be a potent means of preventing the dissemination 

of weeds from one section to another, by arresting them when ear- 

ried by the winds. In many of the Western States the farmer is per- 

mitted by law thus to plant a portion of the highway with trees. 

Yet, another form of waste land is to be considered; and here the 

farmer living within the forest area is much more concerned than the 
prairie dweller. Had the adaptability of soils to tillage been made 

the basis of clearing lands in the early days, there would be less talk 
of “thin” soils now, for on many farms lands were cleared which 

should never have been stripped of their first cover. Steep hillsides, 

rocky slopes, highlands with hardly a foot of soil between the surface 
and the underlying rock, have been denuded of their forest cover, and 

their subsequent tillage has been all but profitless to the farmer. 

With constant cropping they have become so impoverished that their 

cultivation has been abandoned. Yet, they have still enough fertility 
to support a vigorous tree growth. On many New England farms 
such thin lands have been planted to white pine with the most encour- 

aging results. In many rocky, drift, eroded, and exhausted hill farms 

there is a depth of soil sufficient for the requirements of all varieties 

of trees, and the farmer within the forest area has thus a wide range of 
choice in the selection of trees. He may grow timber for railroad 

ties, for posts, for telegraph poles, for lumber, and for many other 

purposes, using the species that is best adapted to his need and to his 
locality. 

In the Southern States the loblolly and short-leaf pines can be quite 

as readily grown as the white pine at the North. The loblolly seems 
to consider the abandoned fields its heritage, for throughout the lower 
Atlantie and Gulf States it quickly covers the old fields with its seed- 
lings, which grow rapidly. 

THE FARM NURSERY. 

When such species as catalpa, box elder, black locust, green ash, 

white elm, and silver maple can be bought for less than $2 per thou- 

sand for strong one-year old plants, it would seem cheaper to purchase 

than to grow from seed. But with land, tools, and teams at hand, a 

forest-tree nursery can be cultivated at very little expense, and the 

farmer, by gathering seed of the native trees, and purchasing desira- 

ble seeds not to be had at home, can grow on a fraction of an acre 

seedlings enough for an extensive plantation. 

Of the broad-leafed trees, the silver maples, elms, poplars, cotton- 

wood, aspen, and willows ripen their seeds before midsummer. These 

should be planted as soon as ripe, care being taken not to cover the 

small seeds too deep. They will germinate in a few days, and by 

autumn will be of a size suitable for transplanting. 

Of the species whose seeds ripen in autumn, those of the tulip, 

eatalpa, honey locust, black locust, and Kentucky coffee tree should 
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be thrashed from their pods when gathered and kept over winter in 

a cool place where they will neither dry out nor mold. Birch seeds 

soon lose their vitality if permitted to dry, and they should be stored 

in close boxes or jars and kept over winter in a cool cellar. When 

the soil is moist in the fall, birch may be sown before the ground freezes, 

but in the dry soil of the plains the seeds should be kept over winter. 

They must be sown in beds shaded as for conifers, and covered very 
lightly. The seed usually ripens in August in the northern woods, 

and should be gathered at once, separated, and stored until planting 

time. 

The sprouting of the seeds of other broad-leafed trees of the north- 

ern forest flora is hastened by subjecting them to the action of frost. 

This is accomplished either by fall planting or by mixing the seeds 

with sand and placing them in boxes on the north side of an out- 

building or other protection from the sun, whence they should be 
planted as soon as possible in the spring, or even, when the ground 

is sufficiently thawed out, in late winter. The nuts and acorns may 
be simply spread on a well-drained surface and protected from drying 

by a few inches of leaves held down by boards; but they are more 
subject to the depredations of rodents when thus disposed of. The 

seeds of fruit trees, such as cherry, mulberry, osage orange, wild 

crab apple, and hawthorn, should be separated from the pulp by 

maceration and washing before storing. Cherry and mulberry seeds 

ripen during the summer, and as the fruit is much relished by birds 

watchfulness is necessary to get them. They may be slightly dried 

after washing, and then mixed with sand. Some seeds, notably those 

of the hawthorns, are apt to lie over two or more years. Germina- 

tion of such refractory seeds is hastened by soaking in water con- 

tinuously for a week or more before planting. 

When the soil is moist in the fall, the seeds of all trees which ripen 

after midsummer may be planted, and thus the labor of storing is 

saved. But spring planting is usually more satisfactory, because 

uniform conditions can be better maintained where the seeds have 

been properly stored. The soil is also usually in the best condition 

for receiving the seeds in the spring, and lighter covering is possible. 

The forest-tree nursery should be placed in deep, moist, well-drained 

loam, and should be thoroughly cultivated. Hand weeding is impor- 

tant, for the tiny seedlings of many trees are very delicate and the more 
vigorous grasses will quickly choke them out if left unprotected. 

Where a large nursery is made, frequent use of the harrow-toothed 

cultivator is most desirable, for it keeps a dust blanket on the sur- 

face of the soil, which prevents excessive evaporation and insures the 

most perfect soil conditions obtainable through culture. Prompt 

attention is a requisite of successful nursery management. 

Seedlings of box elder, silver maple, red maple, catalpa, black 

lecust, cottonwood, willow, and mulberry are rampant growers the 
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first season, and their growth may be checked, to make transplanting 

less difficult, by sowing the seed thick in broad drills. Black wild 

cherry, the elm, the ash, honey locust, black walnut, tulip, crab 

apple, hackberry, linden, and coffee tree are of moderate growth 

and easily attain transplanting size the first year. The oaks and the 

nut trees generally, hard maple, beech, and hawthorn will usually 

be benefited by remaining two or three years in the nursery. The 
birehes should be transplanted from the seed bed to the nursery row 

the second year, and set in permanent forest the third. 

While the cone-bearing trees are more difficult to manage than the 

broad-leafed species, it will be found advantageous to the farmer to 

grow his own conifers. Not only are coniferous trees (pines, spruces, 

cedars, larches, ete.) more difficult to transplant, but they are disas- 

trously affected by the drying of their roots, and in the operations of 

commercial nurseries—digging, storing, and packing—as well as in 

transit, there is more or less danger from this cause. It will fre- 

quently happen, too, that plants thus injured, unless the injury be 

very severe indeed, will appear in good condition when received, so 

that the purchaser accepting them will be disappointed in his stand 

whatever care he takes in planting the stock. Even should the cost 

of growing the cone-bearing trees be more than it would cost to pur- 
chase them, as will often be the case if the time of the grower be con- 

sidered, the trees will prove cheaper in the end, because favorable 

weather can be chosen for transplanting them: they can be dug as 

needed, and absolutely protected from drying out during the brief 

interval between digging and planting. 

Farmers living adjacent to the pineries can easily secure seed by 

gathering the cones just before they burst open and spreading them 

in a thin layer until sufficiently dry to open, when the seed will fall 

out. The same method is used in securing all seeds save the red 

cedar, the fruit of which is a gummy berry. The berries of the cedar 

should be soaked for several days in water, then rubbed together to 

remove as much of the gum as possible, when they may be planted or 

mixed in sand and kept frozen during winter. <A bath in weak lye 

will hasten the cleaning process. The seeds of the remaining conifers 

are kept dry over winter. They can be purchased of leading seeds- 

men throughout the country, and, as a rule, come true to name, though 

difficulty regarding the Rocky Mountain species is sometimes experi- 

enced. As seeds lose their vitality to a considerable degree the second 

year and to a much greater degree thereafter, it is important to secure 
them fresh. 

A well-drained, preferably sandy, soil should be chosen and the seed 

bed prepared as is usual for cold frames, so that as soon as the seed is 

planted the bed can be shaded. It should be open to the air on all 
sides, and the seed may be sown broadcast in the bed, or in drills 

a few inches apart. The seed should be covered but little, if any, 
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more than its own depth. Pine, spruce, and Douglas spruce seed 

usually germinates in eighteen to twenty days, red cedar in two to 

six months, and larch in twenty to thirty days. Shortly after the 

trees are up, or at any time during the first summer, a disease called 

‘‘damping off” is liable to attack them. This isa fungous growth, and 

results in the decay of the tiny seedlings at the ground. It is often 

very destructive. The only remedy is to sow clean dry sand among 

the seedlings and withhold water for a few days. This is not always 

effective, but it will usually cheek the disease. 

The shade for the seed bed is variously made. In the large nurs- 

eries it is usually a shed, roofed and sided with laths, but this would 

be too expensive for a farm nursery. Useful shades are made by 

laying brush across supports or by bunches of rushes or swamp grass 

similarly placed, but of course these are more difficult to keep in 

order. Where proper attention is paid to ventilation, an inexpensive 

shade can be made by tacking cheap sheeting to a frame to 1est 

upon supports running along the side of the bed. 

It may be advisable sometimes to purchase one or two year old 

seedlings from reliable growers. They should be planted, in shaded 

beds, about 5 inches apart, in rows 6 to 12 inches apart. It will be 

necessary to keep them shaded one to three years, according to their 

rate of growth. The oftener the cone-bearing trees are transplanted 

before being set permanently the better, as by this process the growth 

of fibrous roots close to the collar is encouraged. Especial care must 

be taken in handling conifers to prevent their roots from drying in 

the least, as whenever the roots dry it is almost impossible to make 

the trees live. The seedlings should be packed in damp moss at the 
nursery, and as soon as received the roots should be puddled in liquid 

mud and heeled in in a shaded place. The heeling in should be care- 

fully done, the fine soil pressing close upon the roots, but not covering 

the tops. In a shaded place the trees may be left thus until the 

roots begin growth. In planting it is best to carry the trees in a 

bucket, with just enough water to cover the roots. They should be 

planted firmly and be well trampled, and a little loose soil dusted over 

the trampled surface to prevent baking. No tree should be set much 

deeper than it stood before, and this is specially important in trans- 

planting conifers. 

Conifers are ready for setting in plantations when from two to six 

years old. Larches can usually be set when two or three years old, 

the pines and cedars when from three to five years, and the spruces 
when from four to six years. 

NOTES ON VARIETIES AND METHODS. 

The Division of Forestry has frequently issued cultural notes on 

the leading economic species of American timber trees, and many of 
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the State horticultural societies, notably those of Kansas, Nebraska, 
Iowa, and Minnesota, have published manuals of forest-tree culture, 

so that detailed information for special regions is not lacking. While 

this is true in a general sense, little accurate information of the 

results of planting in waste places is available. In the West, where 

farm plantations have been attempted most extensively, the site 

chosen for the groves has been determined primarily by convenience, 

and it has seldom happened that the waste places have been selected. 

In the forest area little planting of any sort has been attempted on 

farms. Consequently the actual data of the results of waste plantings 

on farms are few. 

Broadly speaking, the same rules which are practiced in forest 

planting in general are applicable to the waste plantings of farms; 

these include the adaptability of the species to the locality, attention 

to the light requirements of species, and to their rate of growth. 

In ridge or high land planting it must be remembered that the soil 

is much less moist in such locations than in the valleys and lowlands, 
that the winds cause increased evaporation, and that droughts are 
especially severe. Trees requiring a generous supply of water will 
never succeed well in high, thin soils. Thisis particularly true of the 
plains, where not only a limited rainfall but excessive evaporation 

render the water supply much smaller than it is within the forest area. 

There can be no doubt that conifers will prove the most useful trees, 

as a class, for such locations. This is suggested by the natural tree 

eovering of the Rocky Mountains, where the exposed high!ands are 

clothed with pines, spruces, and firs to the tree line, while broad- 

leafed species are found only fringing the streams in the valleys. But 
the farmer who attempts to cover bare ground with a plantation of 

coniiers will find it necessary to replant portions during several suc- 

cessive seasons before a good stand is secured. The reason for this 

is found principally in the difficulty of transplanting and in the light 
requirement of the conifers, which changes materially as the trees 
grow older. Almost all species of conifers are benefited by at least 
partial shade during the first few years of their existence. As they 
advance from the seedling to the sapling stage, those which are most 
light requiring, notably the larches and pines, are less tolerant of the 
shade of their neighbors, and reach up in an effort to spread their 
crowns in the full sunshine, but it is a well-known fact that the 
white pine endures the shade even of such densely foliaged species 
as the spruces during its infancy. UHence, it would seem best to 
begin the ridge plantation with broad-leafed trees, with the intention 
of introducing among them, in the course of four or five years, an 
equal number of conifers. 

In the North the birches (Betula lutea and B. lenta) and aspen 
(Populus tremuloides) should prove useful for mixing with conifers, 
though we do not know of an experiment of this kind. They are 
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light-foliaged species, and while they are ordinarily found near streams 

they have succeeded well in the dry prairies of the eastern portion of 

the Dakotas. They are the natural neighbors and nurses of the pines 

and spruces in the Minnesota and Wisconsin woods. The first trees 

to appear on a great ‘‘ burn” (a region where the forest has been killed 

by fire) are quaking aspen and the birches (Betula lutea, B. papyrifera, 

and B. lenta), and in their wake, if ever, the conifers appear. 

Throughout the West a mixture of such broad-leafed species as 

box elder, silver maple, black wild cherry, bur oak, white elm, yellow 

birch, and green ash will be found useful in ridge planting, and south 

of the sand-hill region of Nebraska the Russian mulberry, catalpa, 
and black locust may be added. Of these, the species enduring 

the most shade during youth are named first. It will be noticed 

at once that several of these kinds are moisture-loving trees, but 

those here named have been grown in dry situations with a measure 

of success. The box elder and silver maple are short lived where 

grown in the ridge lands of the West, but during their first years 

they grow vigorously, and they will endure long enough to serve as 

nurses for conifers until the latter are established. Black wild cherry, 

while not extensively planted, has been grown successfully in various 

parts of Kansas, Colorado, and South Dakota—localities covering a 

sufficient area to warrantits extensive use. It has the further advan- 

tage of being a shade-enduring tree during youth, a point of much 

importance in the West, where comparatively few such sueceed. It 

endures drought better than box elder or silver maple, being one of 

the hardiest species in this regard. 

White elm, while a species of the greatest hardiness, is less vigorous 

in highlands than either wild cherry or bur oak, and is principally use- 

fulin plantings on such lands in giving variety. Bur oak has proven 

a most useful species in highland planting. It grows very slowly dur- 

ing the first few years, making but a few inches increase in height 

each year, and seemingly suppressed by its neighbors, but at the South 

Dakota Experiment Station, in a mixture of bur oak, elm,and box 

elder, the best bur oaks now equal the box elders in height, after eight 

years’ growth. Atthe Kansas Station bur oaks planted on high lime- 

stone land, between rows of catalpa and black locust, have not made 

much height growth, being cut off every winter by jack rabbits, but 

vigorous shoots push out each spring, showing sufficient root devel- 

opment in spite of untoward conditions. The black walnut is not 

adapted to highland planting in the West. 

In the use of such varieties as are named above, fully two-thirds of 

the trees should be of the dense-foliage kinds, and the remainder 

should be mixed with these so that each of them would be sur- 

rounded by dense shaders. hey should be set not more than 4 by 4 

feet apart, not only because they will most quickly shade the ground, 

and thus prevent weed growth, when close planted, but because a 
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dense plantation gives best results as a wind-break and as a snow 

eatcher. During the first five years more or less damage is apt to 

result from the breaking of the trees by heavy snows, but this injury 

is seldom permanent, if the broken trees are pruned promptly in the 

spring. It is unnecessary to leave blank spaces for the introduction 

of conifers. By the time the broad-leafed trees shade the ground— 

in from three to five years—the conifers may be inserted where trees 

have failed, and may even be introduced between the rows. It is 

especially desirable that spruces and cedars be set thickly toward 

the margins of the plantation, as they form thus a protecting wind 

mantle for the more central trees. 

Among the conifers which have been most largely tested in Western 

planting, the European larch, Scotch pine, white pine, Austrian pine, 

Norway spruce, red cedar, arbor vite, and white spruce are most 

common. Of these, the white pine, Norway spruce, and arbor vite 

are of little value west of the Missouri River, although some fine 

specimens of all these species can be found in the counties bordering 

that river. Among the Rocky Mountain conifers that would seem 

especially adapted to the West are the bull pine and Douglas spruce. 

The European larch has been extensively planted in the Mississippi 

Valley, and it is especially useful in the planting of thin-soiled ridges. 

In a plantation on such land at Ridott, Ill., the larch is easily the 
best tree, with white pine and Norway spruce following in the order 

named. These species were originally planted in alternate rows with 

broad-leafed trees (walnut, ash, etc.), which they completely sup- 

pressed, very few of the latter being alive after twenty-five years. In 

1895 the larches were thinned out, and made each from two to three 

fence posts 7 feet long, many of the butt posts being 10 inches in 

diameter. The remaining conifers stand from 50 to 40 feet high, 

and are from 3 to 8 inches in diameter. They include white pine, 

Seotch pine, Norway spruce, and arbor vite. The larch is sprawling 

in growth during the first few years, after which a leader is formed 

and the growth is very erect and straight. The species is deciduous, 

and the successive crops of leaves during the course of twenty years 

form a mulch so dense as to quite prevent weed growth. In Europe 

the larch is commonly used as a nurse for the pines, as the latter do 

not suffer in the slight shade of the larches, which grow more rapidly 

and are thinned out as the pines approach their principal height 

growth. This mixture has also been practiced at Elgin, Ill., with the 
most gratifying results. 

In the drier parts of the West the white pine does not succeed, but 

throughout the prairie States it can be successfully grown in ridge 

lands. Beyond the Missouri the Austrian, Scotch, and bull pine will 

be found better adapted to the climate. So, too, the Norway spruce 

is not so useful in the dry region as are the Black Hills white spruce 

and the Douglas spruce. 
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Within the forest area—that is, in the States where the whole ecoun- 

try was once covered with forest—different conditions prevail, and a 
much greater proportion of waste land is contained in the farms than 

is found in the prairies and plains. These lands consist largely of 

illsides so badly washed as to be untillable and rough fields and 

pastures in which the impoverished soil will not produce a profita- 
ble crop. In the northern regions a large part of the hill country is 

made up of drift soils, of a characteristic clay loam, deep, moist, and 

well adapted to many kinds of tree growth. Farther south the hills 

are composed of granitic reck, which is still in process of disintegra- 

tion. These soils are moist and in every way favorable to tree growth, 

as is indicated by the number of varieties and the great development 

of individuals standing in them. 

The rapid-growing tulip tree, which furnishes the poplar timber of 

commerce, succeeds well in the moist hillside soils of the Alleghany 

region, and should prove a valuable species for mixing with the more 

dense-shading forms, such as maples and beech. The slow-growing 

oaks, especially such species as the red (Quercus rubra), black 
(Q. velutina), bur (Q. macrocarpa), white (Q. alba), and chestnut 
(Q. prinus), will also prove useful. Of these the black and red oaks 
are much more rapid growers than is usually believed, and all will be 

found worthy of a place in a mixed planting. The tulip poplar and 

the oaks are best introduced sparingly into farm mixtures, at the rate 

of from 24 to 50 per acre among other forms. They will thus be the 

ultimate trees, not interfering seriously with the development of 

the remaining forms, but reaching their full size when these have been 

mostly removed. If planted for its timber, the black walnut is best 

managed:in this way also, though the walnut is essentially a tree of 

the valley as compared with hillside locations. The white hickory 

should succeed well on clay hilisides, and when well established ean 

be treated profitably as coppice. 

Of slow growth during youth, the sugar maple (Acer saccharum) 

is a most useful species in soils of this character, both on account of 

its forestal and its economic value. It endures the shade of other 

trees to an unusual degree, and thus forms a fine second to such rapid 

growers as black locust, tulip tree, ete. When these are removed, 

the maple develops more rapidly, and the foundation of a first-class 

sugar erchard may thus be secured. The beech is a neglected tree in 

America, though one of the most available forms known to the 

European forester. Like the sugar maple, it likes a deep, moist soil, 

and does not succeed in the prairies; but within the forest area it 

shovld prove one of the most useful shade-enduring species for hill- 

side planting, especially on northern slopes. 
In all waste planting on Eastern farms the use to be made oi the 

wood crop is a more important consideration than in the West, where 
2 

the incidental value of the plantation is of equal if not greater 
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importance than the resulting crop. In very few localities within the 

forest area is there a sufficient lack of fuel to make planting for thi 

object of any importance. Broad-leafed trees, except as they yield 
material for stakes and posts, repairs, etc., are too slow in their 

development to make an attractive crop to the farmer, and hence the 

larches and pines would seem to be the most promising varieties to 

plant where a money return is looked for, unless the waste land is 

especially adapted to the growth of osiers or hickory coppice, or some 

special reason exists for the planting of hard woods. 

When hillside fields are abandoned, they are soon covered with a 

growth of bushes, and seedling trees of many kinds appear. As a 

rule, the natural mixture thus spontaneously produced is not of much 

vaine. Howean it be improved? Where there isa soil of considera- 

ble depth and sufficient moisture, even though the land be ‘‘ worn 

out,” the best oaks, chestnut, and hard maple ean be introduced, the 

former by pressing the acorns and nuts an inch into the soil, cover- 

ing with the foot, and the latter by sowing seed in hills. Such plant- 

ing ean be done without regard to the existing growth and without 

disturbing it, ail these species taking a strong hold on the soil before 

top growth advances, and hence being comparatively indifferent to 

light in the early stage of growth. 

A stand of conifers is more diffieult to seeure. Usually the surface 

of such waste lands is so covered with moss and other débris that seeds 

sown broadcast and left without further care fail to come in contact 

with the moist soil, and hence fail to germinate. Successful seeding 

has often been accomplished where the fields have been surrounded 

by mature trees and have been undisturbed by cultivation during a 

seed year, thus giving the pines an equal opportunity with less desira- 

ble species to sow their seed in the soil. Where the seed ean be har- 

rowed in, there is a reasonable prospect of a stand; but it will usually 

be found more profitable to plant the young trees, using such as have 

been one or two years in nursery rows after transplanting from the seed 

bed. Inthe spring, when the soil is moist, hillside fields and pastures 

may be planted thus to conifers with a dibble or spade, the distance 

apart depending upon the growth already established. On elean land 

the trees should stand close, not more than 4 by 4 feet. If there be a 

considerable soil cover of brush which can be used to nurse or protect 

the young plants, these may be set in at the rate of 680 to the acre 

(8 by 8 feet), or even less. Even in such cases thick planting is the 

more desirable, using a mixture of dense-shading (spruce) trees with 
light-needing species, such as the pines, or distributing the pines 
among larch seedlings, which grow very tall and slender and have 
proven gocd neighbors for the pines. 

Where the white pine is native, a successful method of planting 

is to take up the young seedlings in the woods with the sod in which 
they grow, thus disturbing the root as little as possible. This is much 
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slower than where nursery plantsare used. In clean fields men unac- 

ustomed to the work can easily set 1,000 trees per day, while skilled 

workmen can almost double this number. 

Close planting is less important in the Alleghany region, where 

there is an abundant moisture supply, than in the dry country west 

of the Mississippi River. In New England many successful planters 

set pines not closer than 10 by 10 feet (435 per acre). The objection 

to such wide spacing is that too great a growth of branches results on 

the lower part of the stem, producing knotty timber. Thinning 

should be sparingly done, the ideal stand during the first eighty years 

being one in which the trees are never so far apart that the-branches 

will not touch each other when swayed by the wind, and during the 

first fifty years the trees should stand so close that the branches touch 

each other when still. This condition is best secured by slight and 

frequent thinnings (seven to ten years apart) during the period of 
most rapid growth. The increasing demand for box timber in the 

manufacturing districts of the East provides a market for pine and 

similar wood when 35 to 50 years old, thus permitting a short period 

of rotation in the forest management of waste lands in Eastern farms, 

and overcoming a principal objection to forest planting. 

In all ridge planting, whether within or beyond the forest area, a 

leading purpose is the improvement of the soil, and this is best 

attained by close planting, which not only protects the surface soil 

from wind action, but also retains the leaves where they fall, thus 

enriching the soil by their decay. 

The stand secured from any planting will of course depend upon 

the conditions of soil and climate at the time of planting and through- 

out the season, as well as the skill with which the planting is done. 

Climatic conditions play so large a part that there is always more or 

less danger of partial failure, especially with conifers. Within the 

forest region success is much more certain than in the plains, where, 

under favorable conditions at planting time, a stand of 60 per cent of 

the conifers set should be considered satisfactory. With no greater 

proportion living than this, replanting would be necessary the follow- 

ing spring, unless the blanks were so situated as to make filling in 

with cheaper deciduous forms possible. The aim of the planter should 

be to have the trees which he designs to stand until mature so dis- 

tributed in his grove that they will each have the largest possible 

amount of space after the remaining trees have been cutout. Hence, 

when for any reason the conifers desired are expensive, if the planter 

intends te make his grove of coniferous trees, he may place them 8 

by 8 feet, 12 by 12 feet, 16 by 16 feet (680, 302, 170 per acre), or even 

at wider intervals, and fill in the spaces to 4 by 4 feet or less with 
such trees as box elder, silver maple, Russian mulberry, catalpa, 

black locust, ete. Of these the first three named would fulfill only a 

temporary office and might be removed within ten or fifteen years, by 
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which time the others would have attained useful size. These could 

be thinned out from time to time, as necessary, leaving the land to 

the conifers alone within from thirty to fifty years of planting. Here 

again, if due regard to the light requirements of the several species 

has been observed in planting, the trees will be found in regular order, 

such light-demanding kinds as the pines and larches being surrounded 

by the shade-enduring spruces; or if only one coniferous form has 

been used, the subsequent thinning will be so managed as to give to 

each of the remaining trees the largest possible amount of light and 

room. Itwill be readily understood from these notes that the amount 

of pine, spruce, or larch that may be produced on an acre within a 

given time—as in fifty years—will depend quite as much upon the 

judgment which has attended the thinnings as upon favorable condi- 

tions of soiland climate. Fifty thousand feet, B. M., of white pine has 

been produced at 50 years of age from natural seeding with the aid 

of careful thinning. This must be considered an unusually large 

growth, and one-fourth as much would be good in ordinary practice. 

PLANTING TO BIND SOILS. 

Much of the waste planting of farms will be done to bind the soil of 

the hillsides which have been worn to gullies by long, exposure and 

cropping. One of the best trees for this purpose is the black locust, 
which has a great root development and is one of the toughest woods. 

This tree is a native of the rocky hillsides of the Alleghany region, 

and succeeds well in all kinds of soils. It is a rapid grower, attain- 

ing a size suitable for vine stakes, intermediate posts, ete., in about 

ten years. It reproduces itself freely by sprouting, and spreads 

rapidly where planted pure. It is a thin-foliaged tree, and planted 

alone is not a soil improver, but it can be established where more 

desirable species in this regard can not gain a foothold, and these 

ean be introduced later. 

The locust is much subject to the attack of a very destructive borer, 

but this insect is less common than formerly, and its ravages are 

reduced to a minimum in mixed planting. Few broad-leafed species 

are of greater value than black locust for farm uses. It is the hardest 

and the most durable of our trees. Commercially, the timber fur- 

nishes the best wooden pins or treenails used in shipbuilding, and it 

is also used for wheel hubs. 

A second important form of planting for the purpose of binding 

soils is that used in controlling the direction of streams by the plant- 

ing of willows on their banks. East and West much fertile farm land 

is rendered comparatively waste by the windings of streams, which 

curve in and out, occupying wide stretches of bottom lands and mak- 

ing them useless except for pasturage. If simply a straight channel 

is cut for such streams, they soon wear the banks and are again uncon- 

trolled. By planting willow cuttings in the sides of such cuts, a first 

Pa AO —27 
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row near the water at its low stage and additional rows in the face 
and top of the cut, the roots soon bind the soil, holding it against the 

wearing action of high water. Either white willow or osiers ean be 

used for such planting. Where fuel is scarce, the rapid-growing white 

willow will be found most useful. In such locations it attains a diam- 

eter at the butt of 5 to 8 inches in ten years, and as it sprouts readily 

from the stump it can be treated as coppice and will furnish a supply 

of small wood for many years. Where there is a market for them, 

osier willows can be profitably grown in such waste places. The spe- 

cies most commonly used is the red osier (Salix purpurea var. Pyra- 
midalis). Cuttings from well-ripened wood, 12 inches long, are simply 

stuck in the washed banks. ‘The osiers are more profitable where 

given high cultivation, and land too wet for corn but yet capable 

of cultivation is well adapted to them. The soil should be deeply 

plowed or spaded, and the cuttings set to the top bud in rows 4 or 5 

feet apart, 1 foot in the row. The withes, or rods, should be eut close 

‘to the ground every year, including the first, in order to secure the 

strongest growth. 
THE NUT TREES. 

For highways, fence rows, and odd corners, those waste lands which 

often contain some of the most fertile soil in the farm, the nut trees 

are especially available. The black walnut has been largely used in 

the West as a fence-line tree, because of its rapid growth, excellent 

nuts, and ultimately valuable timber. It prefers a deep, rich soil, and 

is intolerant of drought, but in suitable localities it is a suecessful 

tree throughout the country east of the one hundredth meridian and 

south of the Minnesota line, though grown as far north as Minneapolis. 

The chestnut, like all nut trees, varies greatly in the quality of its fruit, 

and the farmer has abundant opportunity of selection in choosing nuts 

for planting. Although limited in its natural range of the country 

east of the Wabash and Kentucky rivers, it has been successfully 

grown in western Missouri (Kansas City) and central Iowa, and will 

probably sueceed as far west as the Missouri River. Unlike the wal- 

nut, the chestnut succeeds well in highlands. Experiments in graft- 

ing Spanish and other improved chestnuts on the native stock have 

been entirely successful. 

The pecan has attracted much attention in the Southwest during 

the past few years as a desirable nut tree, and as such deserves atten- 

tion in this connection. The pecan is of even more limited natural 

range than the chestnut, its northern boundary being in southern 

Indiana and Illinois and its eastern line about central Kentucky. It 

is thus essentially a Southwestern form, and is worthy of the careful 

attention of farmers in that part of the country as a means of making 

waste places productive. It is successfully grown throughout the for- 

est area south of New York. A great range of choice is possible in 

selecting nuts for planting, as they vary greatly even in the same grove. 
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The shagbark hickory is much less particular in its soil require- 

ments than the pecan, although a closely related species. It occu- 

pies sandy ridges and clay hillsides as well as the richer lowlands, 

and is well worth consideration as well for timber as for its fruits. 

Its habits being understood, it should be a useful species for waste 

farm planting. Inits natural state it grows in open groves with hazel 

or other undergrowth. While usually more or less mixed with other 

trees, it is often the dominant form over considerable areas. It is a 

light-demanding tree, and -is difficult to transplant unless specially 

prepared by the cutting of the taproot a year previous to setting. 

The mocker nut, variously called Missouri nut, bull nut, king nut, 

ete., is more southern in its range than the shagbark, which is found 

from New England to southern Minnesota. The hickories can be 

profitably grown as coppice, the cuttings having an established value 

for hoop poles. 

The nut trees are best grown by sowing the nuts where the trees are 

to stand. Along fences they can be grown in open hedge rows, and 

during their earlier years will fruit freely in such plantings. As they 

grow older those which bear inferior fruit can be cut out, giving neces- 

sary room for the remaining trees. If grown on highways, the nut 

trees will be benefited by being mixed with some low-growing, woody 

plant, such as sand cherry, coral berry, wild gooseberry, or some low- 

growing tree, like wild plum, ironwood, or dogwood. Such under- | 

growth will prevent weed growth and thus further the especial 

purpose of the plantation. 

If the fruit rather than the timber is the principal crop desired, 

the nut trees should be encouraged to form large, open crowns, admit- 

ting light freely, for fruit is produced only under such conditions. 

Therefore, in the planting of odd corners, fence lines, and highways 

with nut trees, if other species are mixed in they must not be per- 

mitted to shade the nut trees, but must be lower growing, or very erect, 

in which case but few should be used. The nut trees may require 

some nursing during the first ten years, to induce them to form a 

trunk of proper height, especially in roadside planting, but when this 

is attained their crowns should have full sunlight. At the same time 

several species are peculiarly subject to sun seald, especially the hieck- 

ories and white walnut, or butternut (the latter is excluded from this 

list on this account), and this suggests the advisability of mixing with 

them a low-growing tree which will shade their trunks during youth. 

In the North Central States the Russian mulberry should prove a use- 

ful tree for this purpose, as it is a rapid grower during youth and of 

only moderate height. Of the shrubs suggested for use as under- 

growth none can gain a foothold until the crown cover has been raised 

considerably from the ground, after ten or twenty years, so that this 

is an after consideration, unless all be planted at the same time. 

Among the trees of possible culture in waste places the especial 
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usefulness of several may be mentioned. The hardy ecatalpa is one 

of the few rapid-growing trees whose wood is very durable in contact 

with the soil, and it is therefore unexcelled as post timber. It does 

not succeed north of central Iowa nor west of the ninety-seventh merid- 

ian, but within its range it is one of the most rapid-growing trees, and 

will prove a useful timber on every farm for posts, stakes, and rails. 

The European larch, though not so durable in contact with the soil, can 

be grown over a wider range, and is an excellent post and rail timber. 

More trees of this species can be grown to large size on a given area 

than of any other, because of its erect habit. Thus, trees standing 4 

by + feet can be grown to good rail size without thinning. 

The white ash in the East and the green ash in the West should be 

included in farm planting on account of the usefulness of their tim- 

ber, when properly seasoned, for machinery repairs. While of slower 

growth than the foregoing, they yet attain a useful size for many 

purposes within twenty-five years. Like the black locust, they should 

be seattered among other species to reduce the danger from borers. 

The white elm yields a tough timber that can be applied to many 

farm uses, and as it succeeds in most locations it should form a part 

of all plantations. The hickories, aside from their excellent nuts, are 

among the most useful of farm timbers, because of their toughness 

and elasticity. The black wild cherry is most useful incidentally in 

the farm plantation, as it produces a fruit much relished by birds, 

and has a high forestal value. The timber attains its peculiar value 

only with age, as is the case with the black walnut. 

The wood of pines and spruces is of comparatively little value 

until the trees are mature, as if is neither so strong nor so durable as 

that of several species mentioned. The incidental value of these coni- 

fers is greater than that of broad-leafed trees, as their leaves are held 

through the winter, thus greatly increasing their usefulness as wind- 

breaks. The well-known superiority of the lumber of mature trees 

needs no comment. The red cedar is one of the most durable timbers 

known in contact with the soil, and the arbor vite is only less valuble 

as a post timber. 

The common cottonwood is one of the least useful trees for waste 

planting on the farm, because it succeeds well only in fresh or moist 

soils. In the far West it is a useful tree for planting in seepage spots, 

and it can be well grown in all moist soils. It is neither durable nor 

strong, so that its principal value is in its rapid growth, giving an 

early supply of fuel. Of the willows, the leading one is the common 

white willow, which is especially useful as a wind-break, but the 

willow also likes a moist soil, unfitting it for most waste planting. 



THE ASPARAGUS BEETLES. 

By F. H. CHITTENDEN, 

Assistant Entomologist, U. S. Department of Agriculture. 

GENERAL REMARKS. 

Asparagus was introduced into this country with the early settlers 

from Europe, and is credited with having been cultivated here for 

two hundred years before being troubled with insects. 

A number of species of na- 

tive American insects have 

been observed to feed upon 

this plant, but none, so far as 

we know, have become suffi- 

ciently attached to it to cause 

serious injury. Few of our 

edible plants, in short, down 

to the time of the civil war 

have enjoyed such immunity 

from the ravages of insects. » \y 

(Fig. 84.) Sut 
In the Old World two ing A 

sects, called asparagus bee- 

tles, have been known as ene- <X 

mies of the asparagus since — 
early times. In the year 1862 BVA 7, 
one of these insects, known to = Wi: 

science as Crioceris asparagi, (ae MENS) \ 
and which may be called the ep 4 

common asparagus beetle, was 
the oceasion of considerable 

— 

alarm on asparagus farms in 

Queens County, N. Y., where 

it threatened to destroy this, 

one of the most valuablecrops 2 | 
F1G. $4.—Spray of asparagus, with common aspara- 

2rown on Long Island. Sub- gus beetle in its different stages; asparagus top 
sequent inquiry, brou oht at right, showing eggs and injury—natural size 

: : (original). 
about chiefly through the ef- 

forts of Dr. Asa Fitch, then official entomologist of the New York 

State Agricultural Society, developed the fact that the species had 
341 
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begun its destructive work at Astoria, near New York City, in 1860, 

and it is now conceded that it was introduced in this locality about 

1856.3 

In 1881 another European importation was detected on asparagus 

near Baltimore, Md. This latter is Crioceris duodecimpunctata, com- 
monly called the twelve-spotted asparagus beetle. 

THE COMMON ASPARAGUS BEETLE. 

(Crioceris asparagi Linn.) 

From the seat of its introduction at Astoria, forty years ago, the 

asparagus beetle soon spread to the asparagus farms of Queens County, 

N. Y., and by 1862 it was reported to have occasioned the loss of over 

a third of the crops of certain localities, such loss being estimated at 
$50,000. 

The injury inflicted by this insect is due to the work of both adults 

and larvre upon the tender shoots, which they render unfit for market 

early in the season and later destroy by defoliation 

of the high-grown plants, and particularly seed- 

lings, the roots of which are weakened by having 

their tops devoured. The larvze are sometimes so 

abundant that the black, molasses-like fluid that 

they emit from their mouths soils the hands of 

those who are engaged in bunching the stalks for 

market, and again the eggs are laid upon the stalks 

in such numbers that these latter are rendered 

unsightly and even slippery by their presence. 

ragi: a.darktorm of Uarvee, as well as beetles, attack the tenderest 

beetle; b.lightform— portions of the plants, but the latter gnaw with 

enlarged (original). Seemingly equal relish the epidermis, or rind, of the 

stems. The beetles are also accused of gnawing young shoots beneath 

the surface, causing them to become woody and crooked in growth. 

A correspondent of the Department, Mr. William H. Hunt, an exten- 

Sive asparagus grower at Concord, one of the leading towns in the 

cultivation of this crop in Massachusetts, writes that it is in establish- 

ing new beds that the greatest trouble and expense are ineurred. ‘The 

plant must grow a year as seedling and two more in the beds before 

being cut for table use, and during these three years it is constantly 

exposed to the attacks of this insect. Careful growers protect their 

beds, but careless growers, after cultivating a bed for one or two years, 

IP’.G. 85.—Crioceris aspa- 

1'The capture of this species was recorded early in the present century in Penn- 

sylvania—presumably near Hanover—and again in the vicinity of Chicago and 

Rock Island, [1l., about ten years after the discovery on Long Island, but, as the 

insect died out in these localities, these were obviously independent importations, 

and can not be considered introductions as the word is used of plants and animals, 

since the species did not obtain a permanent foothold. 

—— 

mn . 
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become discouraged and plow it up and plant something else. Mr. 

Hunt states that five such instances have occurred in his neighborhood. 

The adult beetle is a most beautiful creature, slender and graceful 

in form, blue-black in color, with red thorax, and lemon-yellow and 

dark-blue elytra or wing covers, with reddish border. A common form 

of elytral ornamentation in the latitude of the District of Columbia is 

illustrated at fig. 86, a. Farther north the prevailing form is darker, 

the lighter coloring sometimes showing only as a reddish border and 

six small submarginal yellow spots. (See fig. 85, a.) An extreme 

light form not uncommon in the southern range of the insect is shown 

by the same figure, b,for comparison. Its length is a trifle less than 

one-fourth of an inch. 

DISTRIBUTION, PRESENT AND FUTURE. 

From the scene of its first colonization in Queens County, the 

insect migrated to the other truck-growing portions of Long Island, 

and may now be found at Cutchogue, toward the eastern end of the 

island. It soon reached southern Connecticut, and has now extended 

its range northward through that State and Massachusetts to the State 

line of New Hampshire. Southward, it has traveled through New 

Jersey, where it was first noticed in 1868, eastern Pennsylvania, Del- 

aware, and Maryland to southern Virginia. 

Its distribution by natural means has been mainly by the flight of 

the adult beetles. Undoubtedly, also, the beetles have been trans- 

ported from place to place by water, both up and down stream by 

rising and falling tide, as the fact that it has not until recently devi- 

ated far from the immediate neighborhood of the seacoast and of 

large water courses near the coast bears abundant testimony. 

Another reason for the present prevalence of this species in these 

localities is that asparagus was originally a maritime plant and has 

escaped from cultivation and grown most luxuriantly in the vicinity of 

large bodies of water. It is well known that it is usually upon wild 

plants that the insect first makes its appearance in new localities. 

There is evidence also that its dissemination may be effected by what 

Dr. Howard, who has made a special study of the distribution of this 

and other imported insect pests, has termed a ‘‘commercial jump,” 

either by commerce in propagating roots, among which the insect may 

be present either as hibernating beetles or as pupe, or by the acci- 

dental carriage of the beetles on railroad trains or boats. 

Only by some such artificial means of distribution has it in later years 

found its way to northwestern New York, in four counties between 

Rome and Buffalo, and to Ohio, where it now occupies a similar terri- 

tory of four counties between Cleveland and the Pennsylvania State 

‘line. During the past summer Dr. Howard traced its course along 

the Hudson River above Albany. Inquiry instituted by Mr. F. M. 

Webster concerning the Ohio occurrence disclosed the fact that the 

plants in one locality were brought from New York. Its presence in 
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eastern Massachusetts in like manner may be due to direct shipments 

of roots from infested localities to Boston and vicinity. 

It is noticeable that its inland spread, except in the neighborhood 

of water, has been extremely limited. It is present now in what is 

known as the Upper Austral life zone, although in certain points in 

New England it has located in what is considered the Transition zone. 

Its course up the Hudson River lies within a rather narrow strip of 

Upper Austral, and its location in the vicinity of Mechaniesville, about 

twenty miles north of Albany, marks its present most northern loea- 

tion. In all probability it is destined in time to overspread the entire 

Upper Austral zone and to make its way to some extent into neigh- 

boring areas in which it may find conditions for its continuance. 

Through inquiry conducted during the years 1895 and 1896 by Dr. 

Iloward the distribution of this species in Massachusetts, though wide, 

is found to be local. In New Hampshire it has been recorded from 

Nashua and Portsmouth. The species is reported also from Barring- 

ton, R. I., and is well established in Connecticut. It is possible that 

in a few years it may be able to encroach slightly upon the bordering 

States of Vermont in the vicinity of the Connecticut River Valley and 

Maine, near the New Hampshire seaboard. It is generally distributed 

through New Jersey, Delaware, and Maryland, and in southeastern 

Pennsylvania near the Delaware River. It is still local in New York 

and Ohio, but we may expect within a few years to hear of its invad- 

ing other portions of those States lying within the Upper Austral zone; 

also Canada, of which there is a strip of Upper Austral bordering the 

northern shore of Lake Erie, and later Indiana, Illinois, and Ken- 

tucky and farther west. 

HABITS AND LIFE HISTORY. 

The insect passes the winter in the beetle state under convenient 

shelter, such as piles of rubbish, sticks, or stones, or under the loose 

bark of trees and fence posts. Toward the end of April or early in 

May, according to locality, or at the season for cutting the asparagus 

for market, the beetles issue from their hibernating quarters and lay 

the eggs for the first brood. 

The egg is very large in proportion to the beetle, being nearly a 
sixteenth of an inch in length, and of the elongate-oval form illus- 

trated at fig. 86, b. It is nearly three times as long as wide and of a 
dark-brown color. The eggs are deposited endwise upon the stem or 

foliage and in early spring on the developing stalks, usually in rows 
of from two to six or seven. 

In from three to eight days the eggs hatch, the young larve, com- 

monly called ‘‘ grubs” or ‘‘ worms,” presenting the appearance indi- 

cated in fig. 86,¢. The head of the newly hatched larva is large, 

black, and bead-like, its body is gray, and its three pairs of legs black. 

It at once begins to feed, and is from ten days to a fortnight, accord- 

ing to Fitch and others, in attaining full growth. When full grown 
. 
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it appears as in fig. 86, d. It is soft and fleshy, much wrinkled, and 

of a dark gray or olive color, sometimes light, but not infrequently 

very dark. The head is shining black, as are also the six legs. Each 

segment is provided with a pair of foot-like tubercles, which, with the 

anal proleg, assist it in crawling and in clinging to the plant. The 

mature larva enters the earth, and here, within a little rounded, dirt- 

covered cocoon which it forms, the pupa state isassumed. The pupa 

is yellowish in color, and its appearance is sufficiently shown by the 

illustration (fig. 86,e). In from five to eight or more days the adult 

beetle is produced, which in due time issues from the ground in search 

of food and for a suitable place for the continuance of the species. 

THE LIFE CYCLE. 

Of the duration of the life eyele, Fitch has remarked that it is about 

thirty days from the time the egg is laid until the insect grows to 

Fa. 86.—Crioceris asparagi: a, beetle; b, egg: c. newly hatched larva; d, full-grown larva; e, 

pu pa—all enlarged (original). 

maturity and comes out in its perfect form, but that the time will be 

shorter in the hottest part of the season in July and August than in 
the cooler days of May and June. These periods are for Long Island, 
New York. 

During a hot spell in midsummer the minimum period of ovulation 

and of the pupa stage was observed by the writer at this Department. 

Eggs that were laid on the 5th of August hatched on the 8th of that 

month, or in three days. A larva transformed to pupa on August 4 

and to adult August 9, or in five days. Allowing ten days as the min- 

imum credited period of the larval stage, a day or two for the larva 
to enter the ground and form its cocoon, and two or three days more 
for the beetle to mature and leave the earth, the insect is again ready 
to attack its food plant and to continue the reproduction of its kind 
in about three weeks from the time that the egg is laid. 

This may fairly be taken to represent the minimum midsummer life- 
cycle period of the species in the District of Columbia and southward. 
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In the colder climate of New England and in spring and summer 

_ weather the development from egg to beetle will require from four to 

perhaps seven weeks. The hibernating beetles appear here as early 

as April, and beetles of a later brood have been observed in abun- 

dance in October as far north as northern Connecticut. Inits northern 

range two and perhaps three broods are usually produced, and farther 

south there is a possibility of four or five generations each year. 

NATURAL CHECKS. 

For some reason writers on economie entomology have overlooked 

the fact that the common asparagus beetle has very efficient natural 

checks, in the shape of predaceous insects of many kinds, which prey 

upon its larvee and assist very materially in preventing the undue 

increase of this and other injurious species. 

>“asmall, shining, black 

destroyed great numbers of asparagus beetle larvee on 

Long Island, New York, 

no parasitic or predace- 

ous insect enemies were 

known in this country un- 

til 1896. 

The work of investigat- 

ing predaceous enemies 

was continued for only a 

brief season the past sum- 

mer and observations 

were confined to the coun- 

try within a few miles of 

Fic. 87.—Megilla maculata: a larva; b,empty pupal skin; the city of Washington. 

c, beetle with enlarged antenna above—all enlarged Of the many predatory 
(original). f 

Beyond the reported statement that in 1863 

parasitic fly’ 1 

insects observed on in- 

fested asparagus plants, a few are deserving of special mention. One 

of the most efficient of these is the spotted ladybird (Megilla maculata 

De G.). It was present in all the asparagus beds examined, its larvee 

appearing to have no other occupation than that of devouring those 

of asparagus beetles. This insect in its several stages is represented 

in the illustration (fig. 87). The adult beetle is rose colored, with 

numerous black spots. 

The spined soldier bug (Podisus spinosus Dall.) and the bordered 
soldier bug (Stiretrus anchorago Fab.) are also active destroyers of 

asparagus beetle larvee, which they attack and kill by impaling them 
upon their long proboscides and sucking out their juices. The latter 

species is illustrated at fig. 88. Certain species of wasps and small 
dragon flies also prey upon the asparagus beetle grubs. Two of the 

1 Possibly Myobia pumilla Macq., which is known as a parasite of Crioceris 

asparagi in Europe. 
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most abundant of these are Polistes pallipes St. Farg. and Agrion 
positum Hagen. The method of procedure of these latter insects is 

to hover about the infested plants until a larva is deseried, when it is 

pounced upon and carried away. 

Asparagus beetles are very susceptible to sudden changes of tem- 

perature, and it has been noticed by one of our correspondents, Mr. 

C. W. Prescott, of Concord, Mass., that immense numbers of the hiber- 

nating beetles are kidled in winter during severely cold spells follow- 

ing ‘“‘open” weather, millions of their dead bodies being found under 

bark and in other hiding places. 

The intense heat that prevailed at times during the summer of 1896, 

especially during the first two weeks of August, though conducive to 

the undue propagation of some species of insects, had the opposite 

effect upon certain species that feed in the larval condition freely 

exposed upon the plants. Upon the Department grounds and else- 

where in the vicinity this was particularly noticeable in the case 

FiG. 88.—stiretrus anchorago : a, adult bug; b, nymph—both enlarged five times (original). 

of the larvee of Crioceris asparagi. Their eggs also seemed to be 

dried up by the heat. What with their natural enemies and the 

heat, scarcely a beetle or larva of either species was to be found about 

Washington, D. C., after the last of August, though frequent search 

was made in the neighborhood. 

REMEDIES. 

Fortunately, the common asparagus beetle is not difficult of control, 

and under ordinary circumstances may be held in restraint by the sim- 

plest means. 

Vincent Kollar, who wrote of this insect in 1837, said: ‘‘The only 

means of destruction is picking off and killing the beetles and larve.” 

Fitch’s only recommendation was the employment of domestic fowls 

for the purpose. 

While hand picking is undoubtedly of some value in small beds, 
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and is still in use to some extent, it must of necessity give way to more 

approved methods for the vast myriads of the beetles that concen- 

trate their forces upon the large areas that are devoted to this crop 

in the suburbs of our large cities. Chickens and ducks are efficient 

destroyers of asparagus beetles, and as they do no injury to the plant 

their services are stillin requisition for this purpose at the present day. 

An excellent practice that is in high favor among prominent 

asparagus growers is to cut down all plants, including seedlings and 

volunteer growth, in early spring, so as to force the parent beetles to 

deposit their eggs upon new shoots, which are then cut every few days 

before the eggs have time to hatch for the first new brood. 

Other measures that have been employed with advantage consist in 

cutting down the seed stems after the crop has been harvested, and 

again once or twice during the cutting season, or in permitting a por- 

tion of the shoots to grow and serve as lures for the beetles. Here 

they may be killed with insecticides, or the plants, after they become 

covered with eggs, may be cut down and burned, and other shoots be 

allowed to grow up as decoys. The trap plants should be destroyed 

as often as once a week. 

With concerted action on the part of growers in following out any 

of these last methods the insects should be held in check, at least in 

a region where the plant does not grow wild in too great profusion. 

Where this is not practicable, the insecticides must be brought into 

service. It is well in any case to employ the insecticides after the 

cutting season, since if the insects are destroyed at this time their 

numbers will be lessened for the next year. 

One of the best remedies against the larvee is fresh, air-slaked lime, 

dusted on the plants in the early morning while the dewis on. It 
quickly destroys all the grubs with which it comes in contact. 
Pyrethrum is credited with being a useful remedy, and quite recently 

Professor Klein,' director of the experiment station at Karlsruhe, 
Baden, has reported that a mixture of soft soap, quassia decoction, 

and water (about equal parts of the tirst two to five of the last named) 

is effective against the larvee, but these remedies will hardly commend 

themselves for extensive use until they have been thoroughly tested 

on a large scale. 

The arsenites, applied dry in powder mixed with flour, as for potato 

beetles, answer equally well; they possess the advantage of destroy- 

ing beetles as well as grubs, and are of value upon plants that are not 

being cut for food. Some of our correspondents use a mixture of 
paris green and air-slaked lime, or plaster, 2 pounds of the former 

to a barrel of the latter. It should be borne in mind that to produce 

satisfactory results the lime or arsenite must be applied at frequent 

intervals, or as often as the larve reappear on the beds. 
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is to beat or brush them from the plants with a stick so that they will 

drop to the bare ground. The larvee are delicate creatures, and, as 

they crawl very slowly, few are able to regain the shelter of the plants, 

but die when exposed to the heated earth. 

THE TWELVE-SPOTTED ASPARAGUS BEETLE. 

(Crioceris duodecimpunctata Linn.) 

A much rarer, and consequently less injurious, species than the 

preceding, at the present time, is the twelve-spotted asparagus beetle. 

It is generally distributed in Europe, where it is apparently native, 

and, although common, is not especially destructive. 

Like the commoner species, it lives exclusively on asparagus, and 

the chief damage it does is due to the depredations of the hibernated 

beetles in early spring upon the young and edible asparagus shoots. 

Later generations attack the foliage, living, for at least a considerable 

portion of the larval stage, within the ripening berries. 

INTRODUCTION AND SPREAD IN THE UNITED STATES. 

The presence of this insect in America, as has been stated, was first 

discovered in 1881, and in the vicinity of Baltimore, Md. Dr. Otto 

Lugger, to whom this discovery is due, informs the writer that this 

beetle was noticed in considerable numbers from the first, showing 

that it had probably been introduced several years earlier. At that 

time it occurred quite locally, having been found only at the mouth 

of the Furnace Branch of the Patapsco River at a point a few miles 

south of Baltimore. It was then to be seen only on volunteer aspar- 

agus growing on the salty margin of this river, although beds of cul- 

tivated asparagus were plentiful in the immediate vicinity. Two 

years later the late Dr. Riley, then Entomologist of the Department of 

Agriculture, remarked that it had recently proved even more trouble- 

some than the common asparagus species. 

Assuming Baltimore to have been the original center of distribution, 

the twelve-spotted asparagus beetle has been traced southward through 

Anne Arundel and Prince George counties to the District of Colum- 

bia, where it was detected five years from the time of its first dis- 

covery. In 1892 it was reported to have appeared in considerable 

numbers on asparagus stalks that had been cut down upon a farm in 

Carroll County, Md. The same year Dr. J. B. Smith, entomologist 

of the New Jersey Agricultural Experiment Station, announced its 

appearance in Gloucester County, in southern New Jersey, and in 

the following year it was found in Cumberland and Camden counties 

of the same State. 

To have reached these points the insect, obviously, had traversed 

the intervening country, comprising Harford, Cecil, and Kent coun- 

ties in Maryland, the northern half of Delaware, and Salem County, 

N. J. It was also found to have reached Virginia, near Washington. 
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In 1894 it had extended northward to Burlington County, N. J., and 

westward to Philadelphia County, in Pennsylvania. The same year 

it was detected in Queen Anne County, Md. 

The past year (1896) it was found to have established itself in 

Charles County, Md., and to have penetrated as far south in Virginia 

as Westmoreland County. 

In May, 1896, a serious invasion was reported in Prince George 

County, Md., where the beetles attacked the young shoots, gnawing 

off the heads as soon as they showed above ground, thus entirely 

unfitting the crop for marketable purposes. As in most other cases 

of the reported presence of this insect, it was accompanied by the 

common asparagus beetle, which was first to appear on the beds, but 

soon gave way to the twelve-spotted species. During that year a num- 

ber of new localities were added, including Westmoreland County in 

Virginia, the southernmost locality at present known for the species. 

In addition to the above, we have a brief record, that of Dr. J. A. 

Lintner, who mentioned the occurrence of this insect in asparagus beds 

in Monroe County, N. Y., in 1894. This is at a point near Rochester, 

in the northwestern part of the State, and not far from Lake Ontario. 

Its remoteness from other known localities of the insect leads natur- 

ally to the conclusion that this must have been an independent or at 

least an artificial introduction, therefore a second center for its further 

distribution. It seems hardly probable, however, that the species will 

spread from this point with the same degree of rapidity that it has 

done from Baltimore, as it has here reached the northernmost limit of 

the Upper Austral life zone, and its progress in following this life zone 
would be southwest, whereas from Baltimore it spread in all directions. 

To the above must be added the finding of the species by Mr. M. H. 

Beekwith, at Millsboro, Del., in the northern portion of that State. 

PRESENT AND PROBABLE FUTURE DISTRIBUTION. 

From available data it is now fairly established that this species is 

at present distributed throughout the asparagus-growing country in 

the southern half of New Jersey, the whole of Delaware, nearly the 

entire State of Marviand, the District of Columbia, the southeastern 

portion of Pennsylvania bordering the State line of New Jersey, and 

northeastern Virginia in the vicinity of the western shore of the 

Potomac River. 

At first its progress was slow, but within the past few years it has 

traveled more rapidly. The theory that water has played no small 

part in spreading the asparagus beetles is exemplified in the case of 

the present species, as it will be observed that it had spread to Wash- 

ington, D. C., 35 miles southwest of Baltimore, within five years of its 

discovery, while its appearance was not noticed at any distance east 

or north of Baltimore until six years later. 

Havinga different starting point from Crioceris asparagi, this species 
has nevertheless followed somewhat closely the course of the latter, 
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particularly southward, along the coast line, rivers, and other water 

courses, and, like the latter also, it has been slow to spread inland. 

At its present rate of distribution it has at least as wide a range as the 

older species was known to have gained in the same number of years 

after its introduction. Although, as already stated, it is far less in- 

jurious than the latter in Europe, and not so abundant in this coun- 

try, save in a few localities, it would be unsafe to predict its future 

destructiveness. That it will in time invade the territory now occu- 

pied by the common species in the North and West as it has in the 

South there can be no reasonable doubt; that it is capable of inflicting 

considerable injury has been proven, but it will be a matter of several 

years before it can be classed as more than a sporadically injurious 

species. 
DESCRIPTION, LIFE HISTORY, AND HABITS. 

The mature beetle in life rivals asparagi in beauty, but may be dis- 

tinguished by its much broader elytra and its color. The ground color 

is orange red; each ely- 

tron is marked with six 

black dots, and the knees 

and a portion of the un- 

der surface of the thorax 

are also marked with 

black. (See fig. 89, a.) 

The beetle, as it occurs 

on the plant when in 

fruit, very closely resem- 

bles at a little distance 
the ripening asparagus 

berry. 

The common aspara- Fie. 89.—Crioceris 12-punctata : a, beetle; b, larva; c, second 

gus beetle, as is well abdominal segment of larva; d, same of C. asparagi—a, b, 
enlarged, c, d, more enlarged (original). 

known, dodges around a 
stem like a squirrel when disturbed, but the twelve-spotted form 

appears to trust to flight, taking wing more readily than the other. 

Both species make a loud creaking sound when handled, by what is 

called stridulation, produced in the present species by rubbing the tip 

of the abdomen against the elytra. 

The full-grown larva is shown in the illustration at fig. 89,0. It 

measures, when extended, three-tenths of an inch (8 mm.), being of 
about the same proportions as the larva of the common species, but is 

readily separable by its ochraceous orange color. The ground color 

is light yellowish cream with an overlay of ochraceous orange which is 

most pronounced on the exterior portions of the abdominal segments. 

The head, with the exception of the mouth-parts, is also ochraceous, 

the thoracic plate is prominent, divided into two parts, and is of a 

dark-brown color. Enlarged figures of the second abdominal segment 

of both species are presented at fig. 89, ¢ and d, for comparison, 
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The life history of the insect is as yet imperfectly understood. The 

egg has not been found and only a few of the young larvee have been 

observed. One of the latter was upon the foliage of the plant; the 

others, in various stages of growth, occurred in the berries. It might 

be conjectured that the eggs are deposited, like those of the common 

species, on leaves and stems, and that the larve of at least the first 

generation feed upon the same portions of the plant, but further ob- 

servation is necessary to establish this. 

The adult beetles feed, like the common species, upon the leaves 

and epidermis of asparagus stems, and, in confinement at least, also 

upon the berry. 

In Europe the species is stated to be double-brooded, the first genera- 

tion appearing in April or May, the second in August or September. 

The larvee of the later generations feed preferably upon the berries, 

in which they live singly, introducing themselves into the pulp. The 

infested fruit reddens prematurely, and the larvee, when full grown, 

cut their way out and escape to the ground, which they enter to 

undergo further transformation. The pupa state is said to require 

two or three weeks for the first generation and the entire winter for 

the second. Be this as it may in Europe, it is more probable, from 

what we know of the common asparagus species and other imported 

leaf-beetles in this country, that there are here more than two broods 

annually, at least in the more southern range of the species, and that 

hibernation takes place in the adult condition. 

REMEDIES. 

Of the efficiency of the remedies indicated for the common aspara- 

gus beetle there is ample testimony; that all of these, with the pos- 

sible exception of caustic lime and other measures that are directed 

solely against the larvee on the growing plants, would prove of value 

against the new species scarcely admits of doubt, but the habit of the 

larva of the latter of living for at least a considerable portion of its 

existence within the berry places it for that period beyond the reach of 

natural enemies and insecticides. 

The collection and destruction of the asparagus berries before 

ripening might be a solution of the problem, but it is questionable if 

recourse to this measure would be necessary, save in case of an excep- 

tional abundance of the insect. 



THE FEEDING VALUE OF CORN STOVER. 

By J. B. LinpsrEy, Ph. D., 

Massachusetts Hatch Experiment Station, Amherst, Mass. 

Corn or maize stover may be defined as that part of the corn plant 

remaining after the matured ears have been removed. The name is 

meant to include the entire stalk, leaves, and husks. 

In 1895 the farmers of the United States planted about eighty-two 

million acres of land with Indian corn, which would yield about ninety 

million tons of field-cured corn stover. Supposing this stover to have 

the average feeding value and to be properly cured and housed, it 

would feed all the milch cows, oxen, and other cattle in the whole 

country for, approximately, one-fourth to one-third of a year. It is 

therefore of the utmost importance that the farmer should have a 

thorough understanding of the composition, digestibility, and prac- 
tical feeding value of this fodder stuff. 

COMPOSITION OF CORN STOVER. 

While, from causes to be mentioned hereafter, corn stover varies 

more or less in quality, the average of a large number of analyses 

shows it to contain its several constituents in the following proportions: 

Composition of corn stover. 

Water-free substance. 
yee 

Constituent. eth, Timothy field 
Racca wees Leaves. | Stalks. | Husks. hay, 20r 

parison. 

Per cent.| Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 

eS SS ee eee Ud Mh Gee ae eae AES A he ee [eee eee eee es 

9) ou ee re 3.4 BF 7.9 3.6 3.5 1 

RI Be oe ee ek eal 19.7 33.0 30.6 34.8 82.2 33.5 

ee at ae, 1.9 1.6 1.4 2.9 

a een sae 3.8 6.4 8.6 5.9 5.0 6.8 

Nitrogen-free extract .............-...- 31.9 53.2 51.0 54.1 57.9 51.7 

Sea 100.0| 100.0} 100.0} 100.0! 100.0 100.0 
| 

Corn stover varies very much in the amount of water it contains. 

When brought under cover with fairly good weather for curing, it 

will contain from 30 to 40 per cent of water. After it has remained 

under cover for two or three months, if it is loosely packed, consider- 

able water will have dried out, reducing the percentage to 20, below 

which it rarely goes. 

12 A96 23 353 
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In order to compare the composition of one coarse fodder with 

another, it is customary to leave water out of the calculation, com- 

paring the actual dry matter only. This has been done in the preced- 

ing table. For comparison, the average composition of timothy hay is 

also shown. It will be seen that there is a very close correspondence 

between the whole stover and its various parts, the only essential 

difference, aside from the ash, being that the leaves contain some- 

what less fiber and more protein, and, other things being equal, they 

should be slightly more valuable as a source of nourishment. The 

whole stover shows a composition practically identical with that of 

timothy hay. 

The fiber and nitrogen-free extract of a fodder are frequently clas- 

sified together under the name of carbohydrates, performing the same 

functions in the process of nutrition, namely, the production of ani- 

mal heat, energy, and fat. Corn stover, containing fully 86 per cent of 

such substances, may well be termed a carbonaceous or starchy feed. 

DIGESTIBILITY OF CORN STOVER. 

A feeding stuff is valuable as asource of nourishment only so far 

as its various parts can be digested and assimilated by the animal. 
A chemical analysis shows the total amounts of constituents making 

up the feeding stuff, but this alone does not show the ultimate value 

of the material as a source of food. For this, knowledge of the pro- 

portion of the constituents digested is necessary.1 The following 

figures show the percentages of the different constituents which the 

average animal! is able to digest from the whole stover and its several 

parts, and from timothy hay and oat straw for comparison: 

Digestibility of corn stover, oat straw, and timothy hay. 

Whole | pecaves.| Stalks. | Husks. Oat aa Constituent. stover. straws ay. 

Per cent.| Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 

LD gist: jr: ee ee ee 62 65 67 G2 | asseawesae 57 

(yl 2) ee Ss eS es ee 67 78 74 80 54 52 

Rett 228 oF os eos ot ee coe enn ahs 52 56 80 33 33 60 

PESPOGOIN ee oe = eee ee oe ee 52 35 21 30 30 438 

Nitrogen-free extract -......-.--.------ 64 68 69 75 44 63 

No direct tests have ever been made to compare the digestibility of 

stover from different varieties of corn and in different stages of matu- 

rity. Experiments, however, with the entire plant—stover and ears— 

indicate that the large, coarse varieties are rather less digestible than 

the small and medium kinds. The figures as presented in the above 

table show that the entire stover, as well as its several distinct parts, 

is exceedingly well digested. The protein of the several separate 

1 Farmers’ Bulletin No. 22, U. S. Department of Agriculture. 
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® 

parts shows a rather poor digestibility. This is always the case when 

feeds very rich in carbonaceous substances (nitrogen-free extract and 

fiber) are fed alone. When supplemented by nitrogenous feeding 

stuffs, the digestibility of the protein would undoubtedly be increased. 

The figures also show that the whole corn stover and its separate 

parts are rather more digestible than timothy hay, and decidedly 

more so than oat straw. 

A calculation of the amounts of the several digestible ingredients 
in 1 ton of well-cured stover with 20 per cent of water and in 1 ton 

of timothy hay gives the following result: 

Amounts of digestible ingredients in 1 ton of stover and 1 ton of timothy hay. 

Constituent. oe ternary 

Pounds.| Pounds. 

REE nha 8 fis oS i sale seb a daes Coen eat woe ee cons Sele e ote den etude 353. 7 296.1 

a a ci Se RE ae ee nO ee 3.5 33.1 

Pepe fe ne oe eae an can woweRe sen spesee eas 53. 1 5a. 4 

EER ERN BOT MUPACG eae 6 Se ooo se San awe eee ase ones Sete wesc ome es eecaes 54.6 553.6 

EDEL. cence nth OS SE a a eS ee eee ee 964.9 938.2 

Assuming that an acre of land planted to corn will yield, in addi- 

tion to the ears, 2 tons of stover, and that an acre equally well culti- 

vated will produce 24 tons of timothy hay, a simple calculation shows 

that the stover will contain about 1,950 pounds and the hay 2,111 

pounds of digestible food ingredients. Taking into consideration the 

average weather conditions affecting both crops, as well as the loss 

suffered by the stover in the process of curing, it would probably be 

safe to assume that the stover from an acre of land will furnish on 

the average, approximately, as much digestible matter as the timothy 

hay from a similar area. 

LOSSES OF CORN STOVER. 

In many sections of the country the idea seems to prevail that the 
stover has comparatively little feeding value. In different localities 

very different methods of harvesting are followed. In some sections 

the corn is topped above the ear and the leaves below the ear stripped 

off, while the stalk below the ear is regarded as of little or no value 

and is allowed to go to waste. Again, many farmers leave the entire 

stover uncut in the field, and in the late autumn or winter turn the 

cattle in and let them eat what they will, the idea being that this is 

cheaper than harvesting it. That such methods are very wasteful 

must be clear to everyone. Reliable experiments teach that of the 

entire corn stover the portion above the ear (tops) contains 27 per cent 

of the total digestible matter, the blades below the ear, 13 per cent; the 

husks, 26 per cent, and the stalks below the ear, 34 per cent. By 
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leaving the stalks below the ear in the field, one-third of the entire 

feeding value of the stover is lost. Again, if the stover is not cut till 

very late, the leaves dry up and are blown away by the winds. 

CONDITIONS AFFECTING THE VALUE OF STOVER. 

The value of the stover varies to quite an extent, according to time 

of cutting, variety, and weather conditions during the curing process. 

Until the corn plant has tasseled out, practically all its energy is 

devoted to growth, that is, to completing its ultimate size. This being 

accomplished, the plant materials assimilated by the plant are used 

in developing the ear, and the products being formed faster than they 

ean be thus utilized, the balance is stored largely in the stalk as 

reserve material. 

From the silking stage until full maturity the dry matter or actual 

food material has been shown to inerease 50 per cent, that is, to be 

one and one-half times as great in the latter stage as when silking. In 

the later stages of the ripening process the actual assimilation of plant 

food largely ceases, and the plant draws more or less upon its reserve 

supply of material to fully develop the ear. In other words, the ear 

develops at the expense of the stover. Thestover from fully matured 

corn is therefore liable to be rather inferior in quality to that cut, for 

example, when the ear is in the dough stage. Nevertheless it is not 

advisable to harvest the corn till about one-half of the leaves are dry, 
if climatic conditions allow and it is desired to secure the largest 

total amount of digestible food material in both grain and stover. 

In the second place, stover from different varieties of corn differs 

somewhat in nutritive value. The stover of the earlier and smaller 

varieties is, other things being equal, to be preferred to that of the 

large, coarse dents. The quality of stover is considerably affected 

by the condition of the weather during the curing period, as will be 

shown further on. 

CARE OF CORN STOVER. 

To preserve stover in the best condition for feeding, the plant should 
be cut close to the base when about half of the leaves are dry and 

placed in stooks, or shocks, with the tops tied together to shed the rain. 

After standing a while to cure, the ears are husked and the stover 

placed back again to complete the drying process. If the grain is 

ripe, the ears can be removed at the time of stooking and husked 

when convenient. When a husking machine is employed, the cured 

stover will of course be run through the machine and shredded and 

the corn husked at the same time. Should the weather be fairly dry 

during October, the stover will dry out well. Very wet weather will 

retard the drying and cause the stover to decompose more or less in 

the stook. If it is necessary to store it in such condition, it will mold 

still further, with a corresponding shrinkage in feeding value. The 
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stover should be housed, if possible, before stormy weather. Being 

bulky, it will require considerable room. Too close packing prevents 

the further evaporation of water. When it is not possible to house 

it, it can be quite well preserved in large conical stacks, as is fre- 

quently practiced in the Western States. 

Observations extending over a series of years show that stover, 

even when due care is exercised in its preservation, generally loses 

from 15 to 25 per cent of its feeding value from the time it is eut 

until it is fed. This loss is to be attributed to mold, loss of leaves, 

exposure to bad weather, ete. 

PRACTICAL FEEDING OF CORN STOVER. 

The opinions of farmers on this point have differed widely. Some 

have claimed that stover possesses but little nutritive value, while 

many others consider it to have about one-half the feeding value of 

hay. Its true feeding value depends to a great extent upon its mechan- 

ical condition, the quantity fed daily, and its proper combination with 

other feeding stuffs. When stover is fed whole, the average animal 

eats the leaves, husks, and tops, and refuses the stalks. It is only 

necessary to observe the farmer’s manure pile to know the value he 

places upon his stover. To show the increased consumption caused 

by cutting corn stover, the Wisconsin Experiment Station conducted 

three feeding experiments with four milch cows. The cows were fed 

a grain ration and in addition all they would eat of cut or uncut stover. 

The corn was cut into inch lengths in a feed cutter, which also shred- 

ded the coarse stalks. The first two experiments were conducted with 

Pride of the North stover, a medium dent variety, and the last with 

Stowell Evergreen, planted thickly. It was found that cutting saved 

36 per cent of the fodder in the first, 31 per cent in the second, and 9 

per cent in the third experiment. It is probably a conservative state- 

ment that farmers lose fully one-third of their stover by feeding it 

whole. 
PREPARATION OF STOVER FOR FEEDING, 

Machines are in use which husk the corn and shred the stover at 

the same time. Many have pronounced them economical, while some 

have questioned the advantages to be derived from them. Professor 

Nourse, of the Virginia Experiment Station, who has recently given 

one of these machines a practical trial, reports very satisfactory results. 

He says the “ fodder is either cut by knives or torn into small bits by the 

shredder heads. We value the machine particularly for the improved 

condition in which it leaves the fodder.” Any machine that will 

thoroughly shred the fodder is preferable to one that simply cuts it. 

Fodder that is shredded immediately on being drawn from the field 
is often so moist as to mold when thrown in large piles, and proves 

worthless for feeding. The New Jersey Experiment Station has 

Virginia Experiment Station Bulletin No. 33. 
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reported serious trouble from this course. On the other hand, if the 

fodder is stored for a few months previous to shredding, the danger is 

largely, if not entirely, avoided. This involves considerable extra 

expense, however, which sometimes renders it of doubtful economy. 

The fact remains that stover can not be shredded in any large quan- 

tity when moist without great danger of its rapidly becoming unfit for 

feeding. Farmers having power cutters of their own can shred at one 
time sufficient for a week’s use without danger of its spoiling. 

DIFFERENT METHODS OF FEEDING CORN STOVER. 

Corn stover should not be the only feed given the animals if profit- 

able returns are to be expected from its use. After the corn plant 

has well ripened it is by no means as palatable as hay, and animals 

very frequently refuse to eat more than enough to satisfy their imme- 

diate hunger. Again, attention has been called to the fact that it is 

a carbonaceous feed—a heat producer rather than a flesh former—and 

hence of itself an improperly balanced ration. One would expect a 

small milk yield if stover was the exclusive feed of dairy cows, for 
reasonable quantities of digestible protein must be supplied when a 

large milk flow is desired. When growing animals are wintered on 

corn stover only, they will do very little more than maintain their 

weight, for growing stock also needs digestible protein to produce 

bone and muscle. 

A considerable number of experiments have been made with milch 

cows, comparing cut corn stover as an exclusive coarse feed with an 

equal quantity of good hay, the grain rations being the same in both 

cases, and the entire ration being what is termed properly balanced. 

The corn stover rations have produced from three-fourths as much to, 

approximately, the same quantity of milk daily as the hay rations, the 

yield being influenced somewhat by the length of the feeding period 
and the quality of the corn stover. While such a method of feeding 

is decidedly superior to feeding the stover exclusively, it can, in the 

writer’s judgment, be improved upon. When milch cows are fed on 

stover as the only coarse fodder, they eat it well for a short time. 

They soon begin to tire of it, however, and within a brief period will 

eat no more than two-thirds as much stover as hay. In the first place, 

the stover lacks the agreeable odor and flavor of the hay, and, second, 

the use of large quantities of cut stover tends to make the animals’ 

mouths sore, causing them to eat less than otherwise. This difficulty 

is far less when the stover is shredded. The writer believes that one 

(and sometimes both) of the above conditions operate to prevent ani- 
mals fed on stover as the only coarse fodder from giving fully as 

large milk yields for long periods as are obtained from a good quality 

of hay. ‘The writer has noticed the same conditions in case of grow- 

ing steers when fed on grain and corn stover. The animals rapidly 
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tired of the stover, even more quickly than did the cows, making very 

much smaller weekly gains in weight than when fed more palatable 
coarse fodder. 

BEST METHODS OF FEEDING STOVER, 

So far as mechanical condition is concerned, the best results will 

naturally be obtained with the shredded stover. A properly balanced 
ration for milch cows should consist of one-third grain mixture and 

two-thirds coarse fodder; for young stock, one-fourth to one-fifth grain 

mixture and the balance coarse fodder. The writer’s experience has 
indicated that not over one-half of the coarse fodder or one-third of 

the total daily ration should consist of stover. Fed in such quanti- 
ties, animals will, as a rule, consume it for a long time, and it will 
give nearly, if not quite, as good results as an equal quantity of good 
hay. In addition to the stover, coarse fodder should generally consist 
of some kind of hay or silage. The writer prefers to feed animals 

but twice daily, giving about one-haif of the grain and coarse fodder 

at each feeding. If the stover is fed at the same time as the silage, 

the flavor of the latter will be imparted to the stover, causing it to be 
eaten clean. Some good feeders moisten the cut stover with water 

and sprinkle the grain over it, making what is termed ‘‘ chopped feed.” 
This also imparts flavor to the stover, and will frequently induce 

animals to eat more of it with correspondingly satisfactory results. 

Another method for those who are able to practice it is to put the cut 
stover into a large covered wooden box, moisten with water, and mix 

about 1 pound of bran to 4 or 5 pounds of stover, and then turn in 

steam. The steam softens the stover and imparts the flavor of the 

bran to the entire mass. Thus prepared, it will keep several days, 

and if convenient a little steam can be turned in each day. A slight 
fermentation increases its palatability. 

The following rations containing corn stover are suggested for milch 
cows. The amounts stated are per head daily. 

Rations containing corn stover.' 

a. IT. 

3 pounds wheat bran. 3 pounds Atlas meal.* 

3 pounds gluten feed. 3 pounds corn meal. 

2 pounds linseed meal. 3 pounds wheat bran. 
9 pounds corn stover, 8 pounds corn stover. 
9 pounds hay. 10 pounds hay of peas and oats. 

IL, TY, 

6 pounds wheat bran. 4 pounds dried brewer's grains. 
5 pounds gluten meal. 2 pounds cotton-seed meal. 

680 pounds silage. 20-30 pounds stover-bran mash. 
8 pounds corn stover. 6 pounds hay. 

‘In case of fattening animals, corn meal, oatmeal, or hominy meal should be 

substituted for a considerable portion of the nitrogenous grains. 
* A dried distillery feed. 
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Rations containing corn stover—Continued. 

Vv. 

4 pounds wheat bran. 7 pounds cotton-seed feed. 

2 pounds linseed meal. ! 15 pounds silage. 

3 pounds corn meal. 7 pounds corn stover. 

The above rations are not to be followed blindly, the judgment 

of a practical feeder being always necessary to the greatest success. 

The grain rations can be used with any of the coarse-fodder rations. 

Not quite so much grain need be given if 25 to 30 pounds of the 

stover-bran mash is fed; 6 or 7 pounds would then be sufficient. 

FERTILIZING CONSTITUENTS OF CORN STOVER. 

The manurial value of corn stover should by no means be lost 

sight of. Two tons of cured stover—a good yield per acre—will con- 

tain, in round numbers, about 32 pounds of nitrogen, 10 pounds of 

phosphoric acid, and 50 pounds of potash. These materials ought to be 

returned to the soil to keep up its fertility, and passing them through 

the animal is the cheapest and quickest process of rendering them 

available as sources of plant food. 

CONCLUSIONS. 

1. Both chemical analysis and digestion experiments show that corn 

stover contains fully as many pounds of actual food materials as 

equal quantities of the best grades of hay. 

2. The blades, husks, and stalks are all valuable for food; hence 

the entire plant should be cut when the corn is ripe, carefully cured, 

and housed. 

3. One-third to one-half of the stover is very often wasted by 

improper methods of treatment and feeding. 

4, In order that it be eaten clean, corn stover should be cut fine or 

shredded before being fed. 

5. Stover very frequently lacks in flavor and is a one-sided or car- 

bonaceous feed; hence it should not be fed alone. 

6. Only about one-half of the total coarse fodder of the ration 

should consist of stover. It should also be fed in combination with 

by-products rich in protein. 

7. The palatability of stover can be improved by moistening with 

water and sprinkling with bran. Steaming very much improves the 

mixture. 



AGRICULTURAL EDUCATION AND RESEARCH IN 
BELGIUM. 

By A. ©. RUE Pb Ds, 

Director of the Office of Experiment Stations, U. S. Department of Agriculture. 

Belgium has one of the most complete systems of agricultural edu- 

cation and research in existence to-day. This has been largely devel- 

oped during the past five or six years. The growth of population, the 

requirements of intensive farming, and the increasing pressure of for- 

eign competition have profoundly affected the farmer of the Old World. 

Both people and Government were slow to realize the significance of 
the changes taking place in agricultural conditions, but now that they 

are awake to the necessities of the case, they are laboring strenuously 

to give the farmer information and training which will enable him to 

overcome the difficulties of his environment and to compete at least 

on equal terms of knowledge and skill with his rivals in other lands. 

EUROPEAN VERSUS AMERICAN METHOD OF PROMOTING EDUCATION. 

It is well that the people of the United States should realize what 

active efforts are being made in the continental countries of Europe 

to give the rising generation sound and thorough technical education 

in agriculture and other arts. Under the political system there pre- 

vailing the Government takes the initiative in such matters. When 

once aroused to the importance of such a thing as technical education 

in agriculture, it is very likely to proceed with great energy to estab- 

lish and enforce a complete system as far as this is practicable. It 

does not have to wait to convince a majority of the people that this is 

the best thing to do. It looks for its support to the leaders of science 

and industry and recognizes its duty to bring the people to see that 

what it attempts in this line is really intended for their good. 

In this country, on the other hand, broadly speaking, systems of 

public education and scientific effort depend on the will of the people 

expressed through their representatives in local and national legisla- 

tures or boards. While here and there private munificence or even 

advanced pubiic spirit may organize institutions for general or special 

education, these are not likely to affeet the people generally until 

they are themselves convinced that it will be a good thing to have 

such institutions for their children. In the long run our plan may 

produce the best results because our educational institutions are 

founded on the intelligent choice of the people and have their sympa- 

thetic support. It involves, however, a period of agitation, during 
361 
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which the merits of any particular system must be submitted to more 

or less critical examination. Prejudice and conservatism must be 

broken down and the advantages of the new scheme be made suffi- 

ciently plain to induce the taxpayers to give their consent to the 

financial burden involved in earrying it out. This process may be a 

relatively long one and in the meantime other countries with a more 
paternal Government may temporarily get ahead of us in this particu- 

lar. Something like this has happened with respect to education and 

research, especially in the arts and industries. Thirty or forty years 

ago our people had made such relatively rapid progress in establishing 

systems of free public instruction that they received the congratula- 

tions of mankind on this account. The belief that we had the best 

educational system in the world became firmly fixed in the public 

mind, and we have thus far remained in too great contentment with 

our lot in this matter. We have thus been blinded to a certain ex- 

tent to the fact that while we have gone on strengthening and improy- 

ing our educational system, European countries have made hereulean 

efiorts to outstrip each other in educating their people and have in 

many particulars elaborated more nearly perfect systems than our own. 

The limits and scope of this article will only permit the calling atten- 

tion to the broad and fundamental facts which must be taken into 

account if we are to make a just comparison of European with 

American educational systems. 

In approaching the study of Belgian institutions for education and 

research in agriculture it is well to bear in mind, first, that the rapid 

progress made in developing such institutions in that country in recent 

years has been largely due to the energy displayed by the Government 

in this work, and, second, that concentration by the Government on 

this problem has enabled it to perfect the system beyond what has 

been attempted in this country. 

GENERAL CHARACTERISTICS OF BELGIAN AGRICULTURE. 

Belgium, we should remember, is the most densely populated coun- 

try in Europe. Within an area smaller than that of Massachusetts 

and Connecticut is crowded a population as large as that of the State 

of New York. Of the total area of 7,275,000 acres, less than 600,600 

acres are waste land. The subdivision of estates has progressed so 

far that many of the so-called farms are mere garden patches of from 
1 to 2 acres. Asin other countries of Europe, the people live in vil- 

lages, from which they go out to their daily toil on the farms. The 

smallness of the farms makes it necessary, in many cases, for the 

family to engage in other industries along with farming. The famous 

laces of Belgium are largely made by women and children in the time 

when they are not engaged in agriculture. Here, as elsewhere in 

Europe, women and girls perform a large amount of labor in the fields. 

Agricultural machinery is little used. The soil is thoroughly tilled by 
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hand. Every available foot of ground is worked, rotation is practiced 

to maintain fertility and to increase the number of crops grown on 

the same land in a given time, and weeds are carefully kept out. 

Under the pressure of foreign competition, staple crops of grain are 

veing crowded out. Much attention is given to horticulture, truek 

farming, seed raising, and dairying. Flax culture is an important 

industry. 

GENERAL ORGANIZATION OF AGRICULTURAL EDUCATION. 

While some institutions for agricultural education and research had 

existed in Belgium for many years, it was not until 1884 that the 

Government seriously undertook the task of providing a thorough 

system of agricultural education. At that time a ministry of agri- 
culture was created ‘‘which at once undertook to restore the pros- 

perity of the country by organizing, for the instruction of the farmers 

in the advanced knowledge given by science, a system of education 

as complete and thorough as that afforded by any other nation.” 

After a careful study of the systems of agricultural education exist- 

ing in other countries as related to the conditions and needs of 

Belgian agriculture, two laws were enacted April 4, 1890, which took 

the place of all previous legislation on this subject and permitted the 

establishment of the complete system of education now in operation. 

This system provides for primary, secondary, and superior schools or 

courses of agriculture. Primary agricultural courses for adult farm- 

ers are conducted under the direction of the ministry of agriculture, 

while courses of a similar grade for teachers and children are super- ' 

vised by the ministry of public instruction. The secondary and 

superior schools of agriculture, as well as other agencies for promoting 

agricultural education and research, are directed by the ministry of 
agriculture. 

THE HIGHER INSTITUTIONS FOR EDUCATION AND RESEARCH. 

Seientific and technical training in agriculture is supplied by the 

Agricultural Institute of Gembloux and the School of Veterinary 

Medicine of Cureghem, Brussels, which are supported by the Govern- 

ment, and also by the Agricultural Institute of the University of 

Louvain. This last-named institute is organized as a branch of the 

scientific faculty of the university and provides instruction of the 

regular university grade. It possesses no farm and does not attempt 

to give instruction in the practice of agriculture. It is expected, 

however, that the students will acquire practical knowledge of farm 

operations before they are given a degree, and the practical application 
of the principles and theories taught in the laboratory and lecture 
room is enforced by numerous and varied excursions to different 

localities. 
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The School of Veterinary Medicine of Cureghem, in the vicinity of 

Brussels, is an institution of high grade. To secure admission to the 

course which leads to a degree in veterinary medicine, the student 

must first obtain the same university diploma which is required for 

admission to courses in human medicine. Special facilities are pro- 

vided for the study of bacteriology and opportunities for clinies and 

other practical exercises are afforded in connection with a slaughter- 
house and cattle market. 

The oldest and most important of the Belgian institutions for 

higher education in agriculture is the Agricultural Institute of 

Gembloux. This was founded in 1860 and cecupies the buildings and 

farm of an ancient abbey. It is in the midst of a rich agricultural 

region and only about 25 miles south of the great city of Brussels. 

The institution is thoroughly organized with a large and competent 

staff of professors and other teachers, and possesses ample laboratory 

equipment and relatively large collections of natural-history speci- 

mens and other illustrative materials, as well as a good working 

library and reading room. A farm of about 160 acres with fields and 
gardens for experiment and demonstration serves for illustration and 

practice in agriculture, horticulture, and forestry, while neighboring 

sugar factories, distilleries, and breweries afford opportunities for the 

study of agricultural technology in lines deemed of great importance 

in European countries. The students lodge and board at the institu- 

tion. The courses of instruction are given in the French language 

and require three years for their completion. Candidates for admis- 

sion must be 17 years old and are required to pass oral and written 

examinations in the French language, arithmetic, algebra, geometry, 

trigonometry, general and Belgian history, geography, and elementary 

physics. The course of study in the institute includes algebra, geom- 

etry, trigonometry, surveying, mechanics, hydraulics, agricultural 

engineering, physics, meteorology, chemistry (inorganic, organic, and 

analytical), agricultural technology, botany (including physiology and 

pathology of plants), bacteriology, zoology, entomology, mineralogy, 
geology, agriculture, horticulture, forestry, zootechny (i. e., anatomy, 

physiology, hygiene, feeding, breeding, and improvement of domestic 

animals), agricultural and forestry law, constitutional law, agricul- 

tural bookkeeping, political economy, rural economy, and microscopic 

analysis (with special reference to adulterations). 

Here, as elsewhere in the European institutions for higher educa- 

tion in agriculture, more and more stress is being laid on thorough 

scientific training. The student is expected to be familiar with farm 

practice before he comes to the institute or to acquire this familiarity 

during vacation or in some other way before passing his final exami- 

nations for a degree. Experience seems to have demonstrated that 

in such institutions the farm and garden can be best utilized for 

purposes of illustration or as an agricultural laboratory. Trained 
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brains, rather than simply skilled hands, are required for the perform- 

ance of the higher services demanded by agricultural science and 

practice to-day. The institute at Gembloux is not regarded as a 

school for teaching the operations of the farm; it is rather the train- 

ing place for the future leaders in agricultural progress in Belgium. 

While the candidates for a degree are required to pursue a set course 

and submit to rigid examinations, students who desire to pursue spe- 

cial courses are admitted on liberal terms without examination. This 

is in accordance with the policy generally pursued at the institutions 

for higher education in Europe. There are thousands of students 

attending lectures at the universities in different European countries 

who haye no expectation of taking a degree. It is believed that this 

freedom of admission to higher courses, on the whole, contributes to 

raise the general level of intelligence in the community and gives 

very many persons an opportunity to secure useful knowledge on spe- 

cial subjects which they would otherwise be deprived of. Of course, 

a considerable number of these special students abuse their privi- 

leges. Idlers and profligates are found wherever young men congre- 

gate. Nevertheless, this feature of the European educational system 

deserves more consideration than it has hitherto received from the 

colleges and universities in this country. In too many of our insti- 

tutions the college grade of instruction is kept too low, with a view 

to getting more students in the regular college classes. We need to 
bring the requirements for degrees to a greater uniformity, without 

excluding from our colleges those students who might profit from spe- 
cial or partial courses. 

THE SECONDARY SCHOOLS. 

Having provided, as we have seen, for thorough training in the 

higher lines of agricultural education and having thus secured a con- 

siderable number of men fitted to be investigators and teachers of 

agricultural science and practice, the Government of Belgium has 

devoted itself to the maintenance of schools and courses of agricul- 

ture of a distinctly lower grade than those previously mentioned. 

Three of the secondary schools are regularly organized under the 

general laws governing agricultural education. The school at Huy is 

devoted entirely to agriculture, while those at Ghent and Vilvorde 

give instruction in both agriculture and horticulture. The school at 

Ghent is the oldest of these institutions, having been founded in 1855. 

li has extensive buildings and grounds, and is thoroughly equipped 

with facilities for theoretical and practical instruction. Candidates 

for admission must ordinarily be at least 16 years old, and pass an 

examination in the French or Flemish language, national history, 

geography, and arithmetic. They must also give satisfactory proof 

that they are physically able to regularly carry on the practical work 

required in connection with their studies. The regular course occupies 
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three years, and includes instruction in the French, Flemish, German, 
and English languages, arithmetic, bookkeeping, geometry, geography, 

botany, elementary physics and chemistry, drawing, agricultural engi- 

neering, animal physiology and production, and the theory and practice 

of agriculture and horticulture. Especial attention is given to floricul- 

ture, which is a very important industry in Ghent, as well as elsewhere 

in Belgium. The minister of agriculture may admit pupils who desire 

to pursue special courses. These students are not required to take 

an entrance examination, and they may be relieved of practical work. 

For students in the regular course tuition is free, and some financial 

assistance is given to especially meritorious students who need it. 

In schools of this grade the effort is made to train young men for the 

practical pursuit of agriculture or horticulture on a relatively large 

seale. It is expected that they will become managers of estates or 

foremen in horticultural establishments. 

Secondary instruction in agriculture and horticulture is also pro- 

vided for in a number of private schools which are organized with ref- 

erence to instruction in these lines in return for small subsidies. ‘‘As 

these schools are of different kinds, the Government has arranged 

three different courses of instruction from which a choice can be made 

according to the requirements of the individual school. These courses 

resemble the typical courses of the State schools of practical agricul- 

ture, but as the system of indoor discipline in most private schools 

does not permit sufficient time to be given to the practice of agricul- 

ture, the Government contents itself with requiring appropriate theo- 

retical instruction.” It is, however, insisted that object teaching 

and laboratory practice shall be made prominent in the courses in 

agriculture in these schools. Twenty of these private schools of agri- 

eulture are now in operation in Belgium and are so located as to 

meet the needs of the different agricultural regions. 

Provision is also made by the Government for short courses in 

agriculture in public and private secondary schools for general edu- 

cation. These courses consist of at least one lesson a week during 

the school year, which must be given in accordance with the plan laid 

down by the Government. Thirty schools in Belgium are at present 

giving such courses. This plan has the advantage of providing at 

least an outline of the theory and practice of agriculture at small 

expense to a considerable number of students who are at the same 

time acquiring an ordinary high-school education. Such a course 

awakens their interest in the more scientific and advanced ideas 

regarding agriculture and prepares them to read with intelligence 

the reports of agricultural investigations. It also tends to make them 

more contented with rural life. It is believed that some such plan 

might easily be adopted in the rural high schools in many places in the 

United States. 
Quite recently the Government has perceived ‘‘that it is important 
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for the agricultural prosperity of the country to train competent farm 

women as well as farm men.” This would seem to be especially true 

in European countries where women perform numerous duties on the 

farm which in the United States are usually performed by men. A 

school for the theoretical and practical instruction of young women 

in agriculture, including dairying, kitchen gardening, domestic econ- 

omy, etc., has been established in each of the provinces of Belgium. 

LECTURE COURSES FOR ADULT FARMERS. 

To meet the needs of adult farmers who can not attend schools, 

numerous lecture courses on agricultural topics have been organized. 

Each year some 250 courses of 15 lectures each on questions of general 

interest to farmers are given in the different rural districts of Belgium 

by graduates of the higher agricultural schools or other persons who 

are thoroughly competent for this kind of work. In an article on 

agricultural education in Belgium published in 1893, M. De Vuyst, 

an officer of the Belgian Government whose duty it was to supervise 

these courses, thus writes regarding them: 

To secure practice in this exceedingly difficult kind of teaching, the persons 

to give these courses meet together twice a year in each district. At these meet- 

ings one of their number presents a typical lecture and the others discuss it. The 

best lessons in the different courses are printed and distributed. At these meet- 

ings the improvements which are most urgently needed by the farmers of the 

region are also studied. 

This method of organized courses of instruction in agriculture for adults is, we 

believe, peculiar to Belgium. Theresults which it has produced during four years 

are quite important. There are in the Kingdom about 2,500 rural communes. 

Within a few years no locality will have reason to complain that it has not enjoyed 

the advantages of this institution. The courses are attended each year by more 
than 10,000 farmers. The expense of conducting them amounts to only about $1 

per hearer. 

Besides these general courses in agriculture, special courses in 

orchard management, market gardening, dairying, animal husbandry, 

horseshoeing, apiculture, ete., are also given, and farmers’ meetings 

of one or two days’ duration, corresponding somewhat to our farmers’ 

institutes, are held in different places under the supervision of Goy- 

ernment officials. In each of the provinces there is a State agricul- 

turist and an assistant agriculturist, whose business it is to hold 

farmers’ meetings, deliver lectures, establish fields of demonstration 

in which the results of agricultural investigations may be shown on.a 

practical seale, aid the agricultural societies in their work, collect 

agricultural statistics, and prepare reports on the agricultural condi- 

tion of the country. 
PRIMARY EDUCATION, 

Thus far we have described the system of agricultural education 

organized under the ministry of agriculture, but the attempt is also 

being made in Belgium to teach the elements of agricultural theory 
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and practice in the primary schools. This work is under the direc- 
tion of the minister of public instruction. To provide competent 

teachers for this purpose, the course of study in the normal schools 

has been reorganized so as to give regular attention to agriculture, and 

in order that the teachers already in the primary schools may be 

fitted to conduct the newly established courses of agriculture, special 

normal courses on this subject are provided during the vacation sea- 

son. Agricultural instruction in the primary schools consists of two 

lessons a week which are given in accordance with the plan outlined 

by the Government. Financial or other encouragement is given to 

those teachers who excel in such instruction. It is clearly recognized 

that the suecess of this scheme depends almost wholly on the enthusi- 

asm and efficiency of the teachers. Thus far there has been consid- 

erable difficulty in securing teachers having the right equipment of 

knowledge and teaching ability for this kind of work. For this 

reason the success of these primary courses of agricultural instruc- 

tion has been quite varied in different places, and the matter can 

hardly be said to have passed beyond the experimental stage. 

During the past summer the writer visited a primary school in 

Belgium which is fortunate in possessing a well-equipped teacher 

thoroughly interested in agricultural instruction. This school is 

located at a small village in one of the most populous districts of 

Belgium. At the time of the visit the teacher gave a lesson on the 

properties and uses of milk to a class of boys and girls about 12 years 

old. Samples of milk and cream, together with other illustrative 

material relating to the composition and uses of milk, were brought 

into the presence of the pupils, and by means of simple chemical 

experiments and skillful questioning, the teacher gave to the pupils 

a simple but clear explanation of such matters relating to the proper- 
ties and uses of milk as they could reasonably be expected to under- 

stand at that early age. The summing up of the lesson by different 

members of the class showed that they had been well taught, and 

there is no doubt that from that time forth the horizon of their 

knowledge regarding milk will be considerably wider than if the lesson 

had not been given. The teacher of this class was a man, as it is not 

customary to employ women as teachers in the public schools in 

Belgium. He had evidently made good use of the very limited means 

at his disposal for providing illustrative material for his classes. The 

walls of the schoolroom were hung with charts, on many of which 

were pictures of agricultural implements, different varieties of plants, 

ete., which had been cut from advertising posters. Adjoining the 

school was a small garden in which a considerable number of differ- 

ent kinds of plants were grown and different methods of culture were 

tried for the information of the pupils. Close by were the rooms of 

the agricultural society of the village, which contained collections 

of seeds, grains, etc., as well as charts giving the composition of 
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fertilizers, results of experiments, and other things which would be of 

interest in connection with the discussions of the society, and which 

were doubtless available for use in the school. The teacher of the 

school acted as secretary of the society, aiding the farmers in the 

purchase of fertilizers and in other ways. Rooms were being fitted 

up for a cooperative dairy for the benefit of the villagers, which was 

to be supplied with the most improved appliances for the creamery 

business. Itseems quite clear that children trained in a school under 

such circumstances would have a much broader outlook regarding 

agricultural affairs and be much more inclined to avail themselves of 

the results of advanced experience and experimentation in agricul- 

ture than their fathers had been. 

AGRICULTURAL SOCIETIES. 

Theagricultural societies, to which reference has already been made, 

are also to a considerable extent under the direction of the Govern- 

ment. Numerous local societies are organized, and these are confed- 

erated in each province through the provincial society, whose affairs 

are managed by a representative assembly of delegates chosen by the 

local societies. These societies act as intermediaries between the Gov- 

ernment and the farmers in disseminating information regarding agri- 

cultural progress and in helping to carry out any measures which may 

have been devised for improving the condition of the agricultural 

population. The societies receive subsidies from the Government, 

which enable them to conduct fairs, hold farmers’ meetings, establish 

experimental fields, ete. 

EXPERIMENT STATION AT GEMBLOUX. 

Agricultural research is directly promoted in Belgium by the experi- 

ment station at Gembloux. This is well manned and equipped for 

research in the chemistry and physiology of plants and animals and 

in meteorology. Thorough and scientific work is done at this station. 

Analyses of foods and feeding stuffs, fertilizers, and other agricultural 

materials and the testing of seeds are carried on in laboratories 

organized for this purpose in seven different localities. 

Reports of the investigations conducted at Gembloux and elsewhere 

in Belgium as well as information regarding the different institutions 

for agricultural education are given ina periodical bulletin published 

by the ministry of agriculture. 

COMPARATIVE VIEW OF AGRICULTURAL EDUCATION IN THE UNITED 

STATES. 

To gain a just idea of the comprehensiveness and thoroughness of 

the Belgian organization for agricultural education and research, the 
reader would do well to compare it with the system prevailing in his 

13 aA96——24 
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own locality. In the United States we have thus far provided agri- 

cultural colleges, experiment stations, and farmers’ institutes. For 

the general information of the farmer regarding the results of agri- 

cultural investigations and improved methods of agriculture we rely 

very largely on the publications of the experiment stations, the De- 

partment of Agriculture, State boards of agriculture, and the agricul- 

tural press. Regular primary instruction in agriculture is entirely 

lacking, and there is at present only one regularly organized secondary 

school of agriculture (in Minnesota), though the regular or short 

courses in agriculture in a number of our colleges are really if not 

nominally of the secondary grade. In viewof the strenuous efforts 

which European countries are making to give regular instruction in 

agriculture to large numbers of their rural population, it is well that 

our farmers should seriously consider their needs in this direction and 

the best ways in which these needs may be supplied. It is certain that 

the colleges of agriculture need to be strengthened and developed in 

order that the leaders in agricultural education, research, and progress 

in this country may be as thoroughly trained as they are in the Old 

World. The grade of instruction in these colleges needs to be raised 

rather than lowered, and it is not to be expected that these institutions 

will send back tothe farms any considerable body of practical farmers. 

Their graduates will for the most part be needed as teachers, investi- 

gators, editors, officials, and managers of those agricultural industries 

in which scientific attainments are indispensable to success. If any 

considerable number of the farmers of the coming generations are to 

have definite instruction in agriculture, it must be in schools and 

courses specially devised to meet the needs of those who for any rea- 

son are unable to take the long and expensive college course. This 

article will have served its purpose if it contributes in any measure to 

an intelligent examination of the problems involved in providing a 
suitable system of agricultural education in this country. 
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THE OLIVE REGION OF THE UNITED STATES. 

The true North American olive belt—the region especially adapted 

to the growth and production of this fruit—ineludes a portion of 

Mexico proper, all of Lower California, and much of the State of Cali- 

fornia, exclusive of the mountain tops. There is another large sec- 

tion of the United States where the olive will grow, but which is not 

specially adapted to its extensive and successful cultivation. This 

region includes parts of Arizona, Texas, Louisiana, Mississippi, Ala- 
bama, Florida, Georgia, South Carolina, and probably also small por- 

tions of southwestern Utah and southwestern Nevada. The region 

particularly adapted to olive culture is, as already indicated, on the 

Pacific Slope, and this constitutes one of the largest and finest olive 

areas in the world. 

The olive belt included within California is from 600 to 700 miles 

long and varies in width from 30 to 125 miles or more. If this belt 

were cut down to a width of 20 miles, which is greatly below its real 

average, and to a length of 500 miles, it would represent an area of 

6,400,000 acres, or more than twice the area, according to official 

returns, of the land now set to olives in Spain, the most extensive 

olive-growing country in the world. Thisarea adapted to olives within 

a single State embraces southern California and the region west of the 

Sierra Nevadas as far north as the upper portion of the Sacramento 

Valley and along the coast valleys and coast ranges to some distance 

north of San Francisco. 

THRIFT AND LONGEVITY OF THE OLIVE IN CALIFORNIA. 

The longevity of the olive in the Old World is proverbial. The olive 

tree also grows remarkably well on the Pacifie Coast, and it is believed 

that in that part of the United States the conditions are well adapted 

to its continued wants. The experience of the Mission Fathers cer- 

tainly leads to this conclusion. The olive was introduced at the San 

Diego Mission from Lower California soon after 1769, and between 

that date and 1823 it was planted in most of, if not all, the twenty- 

one missions of the coast. So faras known, the largest early plantings 

were made at San Diego and San Fernando, although some of the 
371 
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oldest trees are to be found at Capistrano. It is stated that 500 trees 

were planted at San Fernando about the year 1800, and at present 

about 450 of them are in a fairly thrifty condition. Probably none 

of the California trees have reached a diameter of much more than 2 

feet, a fact which emphasizes the great age of the monster olive trees 

of the Mediterranean region. i 

PRESENT ACREAGE. 

The acreage of olives on the Pacific Coast can not be accurately 

given, but it runs well up among the thousands. Some idea may be 

had of the growth of this industry from the fact that in 1894 over 

400,000 olive trees were sold for planting from the nurseries of 

Pomona, Cal., alone, while the shipments and orders for the first half 

of 1895 amounted to 500,000 trees. In June of the year named it was 

estimated that 600,000 olive trees would be planted in California in 

1895. If this number of trees were set as close as 20 feet, they would 

then represent an increase of olive culture to the extent of over 9,000 

acres in two years. 

THE OUTLOOK. 

Olive culture has ever been among the foremost branches of horti- 

eulture in the portions of the Old World suited in climate to the 

growth of the tree. Spain alone has an olive acreage nearly as great 

as the area of the State of Connecticut and more than twice the area 

of Delaware, although that country is but one-fifteenth the size of 

the United States. 

Some idea of the possible monetary value of olive growing to the 

United States may be drawn from the extent and value of the indus- 

try in other countries. From the latest and most conservative and 

official data it is estimated that the value to the United States of a 

yield of olive oil equaling in amount the annual yield of Spain, if sold 

at prices brought by the French product, would be $80,000,000 per 

annum. So far as climate, soil, and ability to manufacture the prod- 

ucts are concerned, there is nothing to prevent our attaining this 

magnificent result. 

The amount of olive products that will eventually be consumed by 

the United States will be very large, as in most of its forms the olive 

gives a very healthful and nourishing food. ‘The oil of the olive is 

the finest obtainable, both for table and for kitchen use, while as a 

pickle and food for daily consumption the olive excels all other plants, 

especially when the fruit is allowed to mature and fill with oil before 

being preserved. Americans are naturally fond of pickles of all kinds, 

and the taste for the ripe olive pickle when once acquired leads to its 

constant use when the supply and the price are within the reach of 

the consumer. Good evidence of this is seen in the fact that few 

olives are at present shipped from the olive-growing sections of the 
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Pacific Coast, as they are mostly consumed where produced. The 

Spanish experience also demonstrates this. The estimated annual 

yield of olive oil in Spain is 78,627,136 gallons. Of this large quantity 

it is said that only about 10,000,000 gallons are exported, the remain- 

der being consumed at home by a population which is only one-third 

that of the United States. Extensive use is also made of olive oil in 

pharmacy, in the manufacture of soaps, and for preserving sardines. 

Such facts show why the olive and its products have been so highly 
‘appreciated for thousands of years in olive-growing countries. 

. 

NEEDS OF OUR OLIVE INDUSTRY. 

A eareful review of the olive industry of the United States will 

show that it can easily be placed in a condition to enable it to assume 

in a few years a prominent and even a foremost position among the 

horticultural interests of the country. The one great need to-day is 

legislative action which will prevent the sale within the United States 

of other oils under the name of olive oil. Place the industry upon 

this equitable and necessary footing, and the growers of the olive in 

this country will rapidly gain control of the American market and the 

industry will assume its rightful and leading position. This result 

must almost necessarily follow from the fact that the production of 

pure olive oil in Europe is scarcely sufficient to supply European de- 

mand. If the producers could not, as at present, sell us peanut oil 

and cotton-seed oil under the name of olive oil and charge for it olive- 

oil prices, American dealers would have to supply the demands of con- 

sumers with the pure American product, provided, of course, the law 

had universal application. If cotton-seed oil were desired by the peo- 

ple, it could then be had at its true value, being sold under its own 

name by the American firms producing it, whereas now it is shipped 

to Europe by these firms, reshipped to this country as the product of 

the olive, and foisted upon the American public as ‘‘ pure olive oil.” 

Many who pay for olive oil and suppose they are using it have per- 

haps never tasted the pure article. This statement, which may at 

first seem exaggerated, is undoubtedly true in very many cases, and 

should stimulate the consumer to procure the California product that 

he may be assured of its purity, the California laws being very strict 

in the matter of oil adulteration. To secure the best the brand of 

some well-known grower should be selected. 

METHODS OF PROPAGATING THE OLIVE. 

The olive is propagated in many ways. Its production from the 

pit is not yet common in the United States, though several growers in 

California have started large numbers of seedling trees. It is some- 

what difficult to germinate olive pits, and the seedling plants do not 

come true toname. A seedling olive, like a seedling peach, is usually 

suitable only as a stock upon which to graft. As the finer varieties 
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of olives become more extensively grown it is probable that grafting 

them upon wild roots will be found advantageous and become more 

general. In Europe many of the finer varieties are so grown. 

The habit of the olive to vary from the parent plant when grown 

from the seed is valuable and admits of the selection of desirable 

qualities. The great economic value of some of the seedlings pro- 

duced in California, as those of the peach, almond, walnut, ete., shows 

that it is advisable to select and bring to fruitage those seedling olives 

which give the best prospects of value through the characters of the — 

foliage and the habit of growth. 

When it is desired to grow olive seedlings, the oil of the pits should 

first be removed by soaking them for a few hours in weak lye or some 

other weak alkaline solution. After passing through this prepara- 

tory treatment, the pits may be stratified in sand and afterwards 

planted, much in the same way as grape seed is treated by many 

growers. 

A new and important method of propagating the olive, which has 

been considerably developed in California within the past decade, is 

rooting small cuttings in sand in a hothouse. This system was first 

tried, as the writer is informed, about 1884 at the berkeley Experiment 

Station. Some varieties are more easily rooted than others. The 

time to plant the little cuttings in the hothouse is during the late 

autumn and winter. From three to eight months are required to root 

them, according to the prevailing conditions of temperature and 

moisture and the variety which is being rooted. <A little bottom heat 

is required while rooting most varieties, but some of the more easily 

rooted ones may be started under glass without heat, or even in a cold 

frame or lath house. Well-matured twigs, of about the diameter of 

a match and about 3 inches long, are selected for this purpose. ‘These 

are stuck into the sand about one-half their length and all leaves 

removed except the uppermost two. 

Much eare is necessary in the management of these cuttings. One 

propagator writes: ‘‘ Nothing is better calculated to take the conceit 

out of a nurseryman than the result of his first attempt to root olive 

cuttings under glass.” The rooted cuttings may be planted out in 

nursery rows during the spring, summer, orautumn. By this method 

well-rooted and vigorous trees are produced, some of which have 

yielded fruit four years from the time the little twigs were planted in 

the sand. 

Among the more easily rooted varieties are Mission, Nevadillo, 

Blaneo, Oblonga, Manzanillo, and Redding Picholine. The last- 

mentioned variety is rooted extensively in cold frames. In fact, 

millions of olive twigs are now rooted annually by this process, and 

so largely has it superseded other methods that probably three-fourths 

of all the olive trees propagated each year in the United States are 

now rooted by this system. 
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A third system of propagation is by means of stools (fig. 90). This 

system is best adapted to those varieties which most readily produce 

a large number of long and rapidly growing shoots when cut back. 

The stocks designed for this purpose are set in rows 4 by 8 feet, and 

are cut back so as to induce them to send up numerous shoots from 

the ground level. When these sprouts are sufficiently long, they are 

separated and one-half of them turned down each way toward the 

adjoining stools of the same row, where they are bent and pinned 

down into transverse trenches which have been previously dug on 

either side of the stool to receive them. Before being pinned in 

these trenches the under side of each of these shoots is so cut as to 

cause quite a portion of the shoot to spring away from the main 

attached part when the shoot is bent into the trench. It is from this 

downward-projecting portion that the roots usually have their origin. 

After the cut is made and the shoot is pinned into the trench, the end 

x AP <n} = = 
Fig. 90.—Rooting the Mission olive by the stool system. 

of the shoot is turned upward, and the trench is packed full of earth 

as soon as all the shoots on that side of the stool are properly cut and 

pinned down. This work may be done in the spring or summer, the 

shoots being left buried until each has formed a good and abundant 

root system of its own. Usually from ten to twenty plants are 

obtained from a stool every two years. The Mission, Redding Picho- 

line, and wild olives are especially suited to this mode of propagation. 

While most of the olive trees now sold to growers are rooted by one 

or the other of the preceding systems, there are numerous other 

methods of propagation, some of them very common and time-worn. 

One of these is to bury olive limbs in a horizontal position in moist 

soil at a depth of 4 to 6 inches, cutting away and planting the rooted 

sprouts which they will send up. Another way is to saw large olive 

limbs into sections about 2 feet long, split into two to four pieces, and 

plant these truncheons in the nursery or directly in the orchard. <A 
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third way is to cut out and plant in the nursery the hemispherical, 

knot-like swellings which are commonly found about the base of olive 

trees, watering them from time to time. A fourth way is to gouge out 

suckers from the parent tree and plant in the nursery, where they 

will root, provided enough of the wood of the parent stock is retained 

to prevent too rapid drying out. 

GRAFTING THE OLIVE. 

The grafting of the olive is now being extensively undertaken in 

California. If desired, the olive may be grafted upon hardy roots 

when the stock has become an inch in diameter, or the limbs of old 

trees may be grafted over, much as one would graft over an old pear 

or apple tree. Crown grafting of the semiwild Redding Picholine 

nursery stock has been practiced for several years by Mr. Rock with 

the most uniform success. In this case the stocks, which are usually 
grafted, average about 1 inch in diameter at the ground and are set 

about 1 foot apart in the nursery rows, the rows themselves being 

about 54 feet apart, or sufficiently far for convenient cultivation. 
About the middle of March the trees are sawed off as nearly even 
with the surface of the ground as possible. The earth is then drawn 

away from the trees untilabout 4 inches of the stock isexposed. The 
grafts are inserted as soon as possible after the removal of the tops. 

The cut for the insertion of the scion is made near one side of the 

stock, the knife being held at such an angle that the cut is deep near 

the operator and runs out before reaching the opposite side. The 

knife is also directed inward toward the center of the stock in sucha 

way as to cut across the grain. In this way the splitting of the stock 

is avoided when the scion is forced tightly into place. The taper of 

the scion should be thick and long at one edge and thinner and shorter 

at the other. More wood should be cut from one side than from the 

other, so that the cut on one side will not enter the pith, but leave 

the wood on that side of the scion smooth and hard from one edge 

tothe other. When thus cut, there is no danger of the scion splitting 

when forced tightly into the cleft. In setting the scion the thick edge 

of the taper should be outward, so that the wedge and cleft shall agree, 

and the pith side of the scion should be toward the center of the 
stock. The stock is then tightly wound with common cotton twine, 

in an open manner, there being from four to six turns made about it. 

All of the cut surfaces of the scion and stock should be carefully 

waxed and the earth should then be drawn back about the stocks so 

that the stock and scion are both nearly or quite covered. 
The T-budding, or shield budding, of the olive may be practiced if 

desired in working over the trees.' 

As regards the growth of olives worked on hardy roots, the writer 

has seen Uvaria olives thus grafted which were higher than a man’s 
head after three years from the time of grafting. 

1 For details. see Report California State Board of Horticulture, 1889. 
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BEST LOCATION FOR THE ORCHARD. 

In the Mediterranean countries olives are grown under a great 

variety of cultural and soil conditions, from the barren tops of high 

hills to the bottoms of level and fertile valleys. It is hardly neces- 

sary to say that the olive, like other fruit trees, will grow most vigor- 

ously in a rich, deep, friable, and well-cultivated soil. The olive is 

greatly benefited by thorough cultivation and by manuring, although 

it will grow and produce in uncultivated soil and often without artifi- 

cial fertilizing. The olive will make the largest growth in deep, loose 

valley soil, but it should not be set on wet land. Valley cultivation 

of the olive is already too widely practiced in California to require 

further comment. The subject of hillside culture is the topic here 

most deserving of attention. 

CULTURE OF THE OLIVE ON DRY HILLSIDES. 

There is in California an immense area. of hillside situations 

where the soil is fertile and the climate suited to olive culture, 

but where the moisture is not sufficient to enable the owners to 

grow other crops. 

The profitable use of these dry hillsides is a subject of great inter- 

est to a large number of California fruit growers. Ranges of these 

hills extend for 700 miles through the State from north to south, and 

at present they are almost barren of crops of any kind. Millions of 

acres of the most fertile soils in the most equable climate are awaiting 

the intelligence of the cultivator to make them of permanent value. 

Can these hillsides be used for olive culture? An examination of the 

conditions under which the olive is grown in parts of the Old World 

strongly indicates that they can. 

The rainfall conditions at Syracuse, Sicily, are much like those of 

the California regions under consideration. This is shown by the fact 

that the Mediterranean coast a few miles north of Syracuse is lined 

with great piles of solar salt, made by the evaporation of sea water in 

shallow basins along the shore. To those acquainted with the slow- 

ness of solar evaporation this will demonstrate the total absence or at 

least the very limited quantity of rainfall during the summer months. 

Moreover, raisins are made in the valley of Syracuse and the lemon 

groves are irrigated asin California. These facts show that the sum- 

mers of Syracuse are long and dry—in fact nearly or quite as dry as 

those of southern California. Observation has taught the writer that 

the olive thrives everywhere in this region without irrigation. In the 

southeastern part of Sicily, where no irrigation of the olive is praec- 

ticed and where the climatic or rainfall conditions are very similar to 

those prevailing in the drier portions of California, this tree grows 

to an enormous size and is perfectly healthy even to the very top of 

dry and otherwise barren hills. 
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The conditions in the vicinity of Naples, Italy, are a little different. 

During the summer there is usually a light shower or sprinkle about 

once a month. Irrigation is practiced for garden truck and citrus 

fruits, but not for other trees or vines. An account of the system of 

growing the olive on the steep and high hillsides back of Naples is 

here introduced as likely to be of value to Californians. The hills 

are too steep and rocky to admit of being cultivated, but nevertheless 

they have maintained thrifty olive groves for ages. The olive groves 

now covering these hills are not the original growth, the old, or origi- 

nal, trees having been cut back and the present trees grown from the 

margins or sapwood of the large stumps. The stumps of the original 

trees that covered these hills are from 2 to 5 feet in diameter. The 

surface of these hillsides is so prepared as to retain all the rainfall of 

the year and cause it to settle into the earth at the roots of the trees. 

To accomplish this the trees on the hills are planted at the apex of 

V-shaped excavations in the earth surface, the earth taken from the 

excavation being thrown into two ridges, which extend upward and 

outward from the tree. The tree is usually planted just below the 

V-like ridge of earth, so that when the excavation is filled by the rains 

of winter or spring the water will not stand about the trunk of the 

tree, but will gradually settle into the earth underneath it. The fol- 

lowing diagram illustrates this method of culture, the V showing the 

ridge of earth and the dot indicating the position of the tree: 

Vi VoVvV eV. Ve Ve Vi see 

It will be seen that in case of a heavy winter rain the excavations 

of one row of trees extending horizontally around the hillside must be 

filled with water before any can escape to the excavations for the trees 

in the row below, and so on to the bottom of the hill. Henee, if the 

excavations are of sufficient capacity the entire precipitation of any 

rain storm may be forced to settle into the hillside and as near the 

base of the tree as desired. It is to be hoped that a fair trial of this 

system of olive culture will be made upon the drier and steeper hill- 

sides of the Coast Range of California, as it appears to be very suceess- 

ful in Italy on hillsides too steep for cultivation. (Pl. VL.) 

In this connection it may also be well to call attention to the fact 

that throughout southern Europe it is generally held that the quality 

of oil produced from hillside groves is superior to that produced from 

groves in valleys. 

To further strengthen the claim that the olive may be grown with 

success upon the driest California hillsides, the writer calls especial 

attention to the olive groves of Mr. Cooper, at Santa Barbara. Here 

the olive is now grown with marked success upon hills consisting 

of all kinds of soil and at all inclinations, and without any irrigation 
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whatever. One of these groves, on a black adobe hillside, is 20 years 

old, has always produced well, and has never been irrigated. 

DISTANCE AT WHICH TREES SHOULD BE PLANTED. 

Full-grown olive trees often have an expanse of top from 50 to 100 

feet, and must therefore have an abundance of room. The distance 

at which olive trees should be set from each other is a relative matter, 

depending on whether the grower is planting for ten, twenty, fifty, 

one hundred, or two hundred or more years of growth. If soil con- 

ditions are favorable, and time enough is allowed, the trees should be 

set 100 feet apart. The first ten years they may stand 20 feet apart, 

the second ten it would be better if they were 30 feet apart, and for the 

third ten a greater distance may be necessary. Like most fruit trees, 

olives will be of better form if set at a considerable distance apart, 

and will also make a better and more rapid growth, because the root 

system is not crowded. 

Observations of closely and widely set orchards and vineyards, and 

a knowledge of the necessity of the olive receiving a stated number 

of heat units to mature its fruit, seem to indicate that it is better to 

set the trees at first 50 by 50 feet, provided it is not intended to remove 

some of them as soon as the growth of the orchard may require. 

When the trees are set close at the start, there is danger that they 

will not be thinned out until crowding has stunted them or injured 

their habit of growth. Considering, therefore, the requirements of 

the olive in the way of sunlight, air, root room, and cultivation, the 

need of spraying, the desirability of growing the tree in an open, 

spreading form, the fact that most fruit occurs on the lower limbs 

where most shade is encountered, and finally the convenience of pick- 

ing when the tree is pruned to spread, it is thought best to recom- 

mend that 30 feet be allowed between the trees from the start. 

Planting the small olive trees a considerable distance apart does 

not preclude the profitable use of the land. While the trees are 

small it is a commendable practice to grow among them annual crops, 

such as corn, beans, potatoes, and vegetables of all kinds. In this 

connection we may cite the oft-quoted Italian saying, ‘‘It is well 

to wed the olive to the vine.” 

PLANTING. 

The olive tree may be transplanted at any age until the tree is 6 

inches or more in diameter. Trees from 10 to 20 years old may safely 

be set in orchards. The younger the tree the more care it requires. 

One-year-old trees are apt to be soft and sappy and the loss in trans- 

planting from the nursery to the orchard is much greater than if 

the trees were older. The writer, from his observation, would recom- 

mend 3-year-old trees, as these are usually better supplied with 

fibrous roots and their roots and stems are hardened. ‘The olive is a 
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rather difficult tree to transplant, and until it gets started should be 

given the same careful attention as the orange tree. After starting, 

there is no fruit tree which will stand so much abuse. 

Before planting, the ground should be thoroughly plowed to a depth 

of, say, 12 inches, and all clods should be mashed. The excavations for 

the trees should be sufficiently large for the roots, which must be given 

a downward trend. The width and depth of these excavations should 

be not less than 18 to 24 inches. The root system of trees 2 to 3 

years old should be well preserved and as complete as possible when 

transplanted. broken or injured parts may be cut away with a knife. 

After digging the trees, the roots should be kept wet and covered with 

earth and the transplanting should be done as quickly as possible. 

As soon as the trees are planted, they should be thoroughly irrigated. 

If it does not rain, this should be repeated in about a week, then in 

two weeks, and again in a month. When the trees start they should 
receive about the same.amount of water as a deciduous orchard. The 

soil should be kept pulverized to retain moisture. On dry land the 

trees should be given about two pailfuls each of water when planted 

and the same amount three or four times during the first summer. 

The planting of trees for an orchard should take place early in the 

winter, or as soon as possible after the first heavy winter rains, so that 

the trees nay get the benefit of all the precipitation and thus be as 

well prepared as possible to stand the heat of summer. January is 

probably the best month for planting olives, although they are also 

planted in February and March. The tree should be as nearly dor- 

mant as possible when transplanted. 

PRUNING. 

Olive pruning depends so largely upon variety, exposure, climate, 

and other local conditions that only some of the more general princi- 

ples may be properly considered in this brief article. 

After the nursery tree is set in the orchard it should be staked, but 

should not be pruned to any extent until it has established a good root 

system. An abundance of foliage is required to feed the roots and 

make the tree stocky. Close pruning of a tree in this stage of growth 

checks the development of the root system by cutting off its food sup- 

ply, and the reduced growth of roots reacts upon the growth of the 

top. After the trees have reached a suitable height they should be 

headed back so as to establish the height of the trunks. In California 

the consensus of opinion appears to be in favor of low-headed trees 

(those measuring only 24 to 36 inches from the main forks to the 
ground). The number of branches left for main limbs may vary from 

four tosix. All suckers and shoots below the forks should be removed 

as soon as the foliage of the main limbs is sufficient to protect the trunk 

from the sun. The main limbs are now allowed to reach a length of 2 

feet or alittle more, at which length the end of the branch is pruned off, 
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and likewise the ends of such terminal branches as project downward 

from these, one or two end branches being left to grow upward and 

outward. ‘These secondary branches are in turn shortened back by 

having their leaders pruned as soon as they are 18 to 24 inches long. 

At the ends of these secondary branches are now preserved two lat- 

eral twigs, known as tertiary branches. These should be twigs which 

will grow upward and laterally. By the time they are well grown the 

form of the young tree is established, and further pruning for form 

may be done in a general manner to obtain the following results: (1) 
Maintenance of a comparatively open center to the tree; (2) exposure 

to the sun and air of as large a number as possible of last year’s 
branches around the circumfer- 

ence of the tree; (3) removal of 

all ground suckers and water 

sprouts; (4) preservation: of 

outward-growing and drooping 

basal and lateral fruit branches; 

(5) heading back of upward- 
growing limbs, which consume 

much, but produce little; and, 

(6) the removal of all diseased 
or injured wood. In pruning 

for form the rules governing 

pruning for fruit should be kept 

in mind (fig.91). 

The annual pruning for fruit 

requires different methods from 

those already described. The 

bearing wood of the olive, ex- 
cept in the case of a few varie- 

ties, is that of the preceding 
year, that is, the growth of one 
summer blooms and bears fruit 

the following summer. This 

fact determines what branches should be preserved for fruit bearing. 
While the growth of last year is bearing fruit this year, it will also 

send out new lateral and terminal shoots which will bear next summer, 

but the oftener a branch has fruited the less will be the new growth 

and consequently the smaller the yield of the next year. Hence, by 

pruning away each winter a portion of the fruiting branches which 

have produced crops for two or three years, new fruiting branches 

will be forced from the old wood. This-new growth is induced with 

greater ease in the olive than in the peach, the latter having wood 

which bears fruit in muchthesame manner. The location of branches 

to be preserved for fruit bearing should be low, as the lower branches 

are more apt to produce than the upper ones, and besides the fruit is 

more easily gathered. 

1G. 91.—Young Mission olive, showing method of 

pruning. 
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Unpruned or imperfectly pruned olive trees have a tendency to fruit 

but once in two years. This habit may, however, be greatly modified, 

as already indicated, by the judicious annual removal of those branches 

which have already produced two crops. Some varieties are more 

readily induced to bear regularly by this system of pruning than 

others. 

POLLINATION. 

This subject was called into prominence by a bulletin on pear pol- 

lination by Mr. Merton B. Waite, of the Division of Vegetable Physi- 

ology and Pathology. Mr. Cal- 

kins, of Pomona, has made a 

start in these matters, and Mr. 

Mills, of the Pomona branch of 

the California Experiment Sta- 

tion, has also made some inter- 

esting and valuable experiments. 
Mr. Mills’s experiments have 

shown in asurprising manner the 

need for the cross pollination of 

some of our olives and the facet 

that other varieties are perfectly 

self-fertile. The method adopted 

by Mr. Mills was that of bagging 

branches of bearing age for half 

their length before the buds 

opened in the spring. <As yet 

this work upon the olive has not 

been sufficiently extended nor 

sufficiently thorough to warrant 

special conclusions, but it has 

gone far enough to show that it 

Fia. 92.—Olive branches in fruit. showing a self- is important, for it is very nec- 
sterile and a self-fertile variety (branches egsary that the grower should 
bagged up to the horizontal line). : ial ehh ° 

know which varieties require 

cross pollination and which will set fruit with their own pollen (fig. 92). 

CHARACTER OF THE FRUIT. 

A few words on this subject may be of interest to those who have 

never seen the olive growing and know it only in the pickled state. 

As in the case of the peach, the olive is either clingstone or freestone. 

The ripe fruit is neither green nor yellow, but has a deeply colored 

skin—dark red or purple, reddish brown, purplish brown, light brown, 

deep brown, purplish, bluish, or reddish black, or jet black, with or 

without bloom, The fruit, even when ripe, is decidedly bitter, and 
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for pickling is put through a special process to remove this undesira- 

ble taste. It should be stated, however, that a few varieties of olives 

are known that bear sweet fruits, which, when ripe, may be eaten 

fresh from the tree, and when dried are also very good. Of the sweet 

varieties known to the writer, the best is the Piru Sweet No.1. Piru 

Sweet No. 2 also bears a sweet fruit, and in these two imported varie- 

ties, of unknown origin, California has acquired two most valuable 

additions to the olive varieties now on the coast. 

As is well known, olives vary greatly in size. The smallest are not 

as large as Malaga grapes, while the finer varieties of olives for pick- 

ling almost rival the size of our larger plums. The Sevillano, or 

“Olive of the Queen,” as grown in the vicinity of Seville, Spain, fre- 

quently reaches a length cf 13 inches and a breadth of 14 inches, 

while in California the same variety reaches even larger dimensions. 

In this connection it may be said: that many varieties of olives bear 

larger fruits when planted in our virgin soils than they do when grown 

in the Old World. 

The oil content of the olive also varies greatly, both in quality and 

quantity, in different varieties, and sometimes also in the same variety 

under different soil conditions or other influences. For pickling, the 

olive is usually plucked while green; for oil, it is allowed to hang on 

the tree until it is nearly ripe, which in California, for most varieties, 
is usually not until December or January. The olive tree begins to 

bear fruit when it is four, five, or six years old. 

SELECTION OF VARIETIES FOR PLANTING. 

In spite of the double dealing of some of the agents in foreign 

countries, who have been relied on to supply certain of the more valu- 

able olives, and who in several notable cases have failed to fulfill 

their engagements, the numerous importations from many localities 

have now brought into our olive belt most of the more valuable 

varieties of olives of the Old World. This is encouraging, and assures 

us that the pick of the fruits of the world may be had by proper and 

persistent effort. The fruits of about eighty varieties of olives have 

been examined and photographed by the writer in California, and still 

other varieties are growing there which have not yet fruited, or at 

least not generally enough to enable one to judge of their quality. 

In selecting olive varieties growers usually have two things in 

view—oil and pickles. Among the main considerations to be taken 

into account when selecting varieties for oil are quality and quantity 

of oil produced, prolificness, regularity of bearing,! early maturity 

of fruit if growing in a region where there is danger from frost, 

maturing of the fruit at different dates if growing in a region where 
frost is not feared, even ripening of the fruit upon the tree, and hardi- 

ness of the tree against cold and drought. When selecting varieties 

'See remarks on pruning for fruit, p. 381. 
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for pickling, the features for consideration, among others, are size of 

fruit, firmness of flesh when nearing maturity, form of fruit, uni- 

formity in size and shape, even ripening of fruit upon the tree, prolif- 

icness, regularity in bearing, thickness of the skin and the quality 

of the fruit when pickled, and hardiness of the tree with respect to 

eold and drought. 

Before selecting varieties for planting it would be well for the 

planter to consult a number of successful olive growers with special 

reference to the success of given varieties on the kind of land which 

he intends to plant and in the region which he has selected. In addi- 

tion to these suggestions a few words may be said on particular 

varieties. 

The following varieties of olives are believed to be among the best 

for oil, the names being those under which they were received by the 

writer or under which they are generally known in California, but 

SS 

hi 

FiG. 93. Hydraulic olive press. 

which perhaps are not always correct, as a good deal of uncertainty 

exists as to the proper names of many varieties of olives grown in 

California: Morinello, Infrantojo (Grossajo), Leccino (very resistant 

to cold), Razzo, Oblonga,' Uvaria of Mr. Loop (ripens early), Rubra, 

Morajolo (requires rich soil), Correggiolo (requires rich soil), Frantojo 

(said to do well on hills), Piru No. 1 (ripens early in November), Ne- 

vadillo Blanco, and Mission. The following are especially excellent 

for pickles: Ascolano, St. Agostino, Oblonga, Sevillano, Picholine, 

Manzanillo No. 1 of Mr. Roeding (not of Tablada), Lueques (ripens 

very early), Ojo de Liebre (7) of Mr. Rock, Nevadillo Blanco, Mission 

crop of any tree of its age which has come under the observation of the writer, its 

product being 52 gallons of fruit. 
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ripens in October), and Palymorpha of Roeding. The two last named 

are quite apt to decay at the pit. 

EXTRACTION Ot: THE OIL. 

The extraction of oil from the olive is a purely mechanical process. 

In California two general plans are followed in preparing the olive 

pulp for the press. One is to grind the pits of the fruit with the flesh, 

and the other is to grind the flesh from the pits without crushing the 

latter. As the result of experience and various chemical analyses, it 

has become quite generally understood that the pit contains little oil, 

and that the practice of grinding if with the flesh tends to detract 

from the quality of the output. 

Most of the mills now used for preparing olive pulp are made of 

cast iron, the crushing being done by a series of rollers. The presses 

used for extracting olive oil are of many patterns. Some growers use 

powerful screw presses, while others prefer the hydraulic press. 

Homemade lever presses, like the old-fashioned cider press, are still 

in use by some, and can be relied upon to do good work (fig. 93). 

The olive pulp as it comes from the millis placed in sacks for press- 

ing. There are several styles of sacks in use, the French being made 

of fine fibrous grass, while those preferred in Italy and Spain are of 

coarser material and looser construction. The sacks are made in the 

form of a cheese, and are open at the center of the top and bottom 

for filling and cleaning. In preparing for pressing, a series of wooden 

slats, forming a kind of grating, is first laid.on the bottom of the 

press. Over this is placed a perforated, circular plate of iron, on 

which is laid one of the grass mats or sacks. The pulp is then 

crowded into the sack until itis full. Upon the first sack is placed 

another perforated iron plate, more wooden slats, and then another 

sack to be filled. Thisis continued until six or eight sacks of pulp are 

placed one above the other ready for pressing. A number of Cali- 

fornia growers do not use grass sacks on account of the difficulty of 

keeping them thoroughly clean, but instead employ a Russian crash, 

cut into circular pieces about 3 feet in diameter. A galvanized-iron 

hoop, of the breadth and depth of the cheese desired, is first placed 

on the wooden grating. Over the top of this hoop is spread the piece 

of crash, and upon it is poured the olive pulp until the hoop is packed. 

The sides of the cloth are then turned over the pulp and the hoop is 

withdrawn. A slat grating is now placed on the cheese and the 
process repeated. 

The first pressing of the olive pulp is done slowly and with caution, 

and the resulting oil, which is frequently known as virgin oil, is 

usually, on account of its superior quality, kept separate from that of 

the second and third pressings. When the oil ceases to flow after a 

thorough first pressing, the pulp is removed, left until next day, and 

12 A96——25 
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then reground and re-pressed. If desired, water may be added to the 

second pressing, but the oil thus obtained is of inferior quality. A 

third crushing and pressing, with the use of hot water, may be given 

to obtain the little remaining oil, which is of the lowest grade. 

The subsequent clarification of the oil involves two general proc- 

esses, namely, its separation from the watery juice of the fruit and 

from fragments of tissue by means of gravity, and a special clarifica- 
tion by means of filtration. There are scarcely two mills in this eoun- 

try which use the same vessels for the separation of oil. The form of 

the settling tanks, as well as their size and the material of which they 

are made, varies widely. Tin, wood, or stone vessels may be used suc- 

cessfully if kept perfectly clean. ‘Tin vessels are probably most com- 

monly employed, though some producers insist that white oak tanks 

are better. Whatever form or kind of vessel is chosen, the expressed 

olive fiuids are allowed to stand in it until gravity has eansed the oil 

to rise to the surface. Asthe oilrises it is cither removed and placed 

in other similar vessels for further separation of impurities or else is 

stored in tanks to remain till ready to boitle. 

The process of clarification by filtration, which usually follows the 

separation of the oil by gravity, varies. The clearest and most bril- 

liant oil is, however, usually obtained by passing it through some 

compact filter, such as is used for filtering spirituous liquors, or the 

firm, gray filter paper commonly sold in circular sheets by druggists. 

A less brilliant oil may be obtained by passing it through more porous 

filters. It is even probable that oil bottled without filtration, if 

thoroughly cleared by standing at a proper temperature for a suffi- 

ciently long time, will be of a finer flavor than that passed through 

filters. 
Cleanliness is a most essential feature in making olive oil, as this 

oil readily absorbs all taints and odors. No offensive smell and no 

tobacco or smoke of any kind should be allowed about the oil house, 
and everything in the building—mills, presses, cloths, dishes, tanks, 

ete.—should be kept scrupulously clean by washing daily with boiling 

water, and when possible with lye also. 

in all the processes of expressing and handling olive oil it is impor- 

tant that it be kept at a moderate and uniform temperature and that 

it be not exposed to the light more than is necessary. 

The gathering of olives at a proper stage of ripeness is an important 

feature of the olive indusiry. The olives should not be allowed to 

hang too long, but should be gathered while red. The best oil comes 

from olives not overripe. With late varieties there is also the advan- 

tage in early gathering that much risk from coid weather is avoided. 

Olives which have been frost-bitten should be sent to the mill at once. 

In gathering, the olives should not be allowed to remain on the ground 

more than a few hours, if at all, and all imperfect and bruised fruits 
should be culled out, as weil as those which are overripe. The latter 
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may be put through the mill by themselves and the product kept 

separate. The fruit should be picked at a stage of ripeness as nearly 

uniformas possible. After being gathered, the olives should be spread 

out on trays in thin layers, so that the air may circulate freely among 

them, and the trays should then be kept in a dry, clean, and airy 

room. The fruit on the tray should be turned over every two or three 

days for twelve or fifteen days, or until it is properly dried, after 

which it is ready to be reduced to pulp in the mill. 

OLIVE PICKLES. 

The pickled-olive industry of California is growing rapidly from 

year to year. Twoclasses of pickles are prepared—the green and the 

ripe. Green olive pickles are more easily made than ripe ones, and, 

as a rule, will keep better. As a food, however, they are incom- 

parably inferior to pickles made from the mature fruit, the oil of the 
ripe olive adding very greatly to its nourishing qualities and to its 

flavor. For consumption within the year nothing but mature fruit 

should be put up. Ripe olives may also be kept for several years 

if sufficient care is given to the pickling. For long keeping and 

for shipment the immature fruit is often preserved, especially by 

Europeans. 

In gathering mature olives for pickling, they should be as nearty as 

possible of uniform color and ripeness, and it is desirable to pick 

them into water so that the fruit will not be bruised. The mature 

fruit should never be overripe, but for the best results it should be 

gathered while still firm and hard. Following the pickling of either 

mature or immature olives it is well to hand grade them for size and 

color and always into water. 

Nearly all fresh olives are exceedingly bitter, and if preserved in 

that condition would be unfit for food. There are two methods in use 

for removing this bitter taste. One is to destroy or neutralize it by 

the use of strong alkaline solutions and the other is to wash it out 

gradually by the long-continued use of fresh water. The former 

method is that now most generally practiced by olive growers. The 

details of this process may be sought in special treatises, as it differs 

among different growers. It consists essentially in subjecting the 

fruit for some hours to the action of a solution of water and concen- 

trated potash lye. This is usually in the proportion of 1-pound of lye 

to 8 to 10 gallons of water. The olives are allowed to remain in this 

solution until all bitterness is removed, or until the alkali has pene- 

trated to the pit, which can be determined by the change in the color 

of the flesh. If one soaking only is given, it requires at least twenty- 

four hours, the fluid being agitated at frequent intervals by drawing 

off some and pouring it back so as to keep the fruit from spotting. 

When the bitterness is gone, the alkali is removed by soaking the fruit 

for a week or more in water, which is renewed quite frequently the 
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first day and at least once every twenty-four hours thereafter. Litmus 

paper may be used to determine when all the alkali has been removed. 

The fruits are now covered with a weak brine, which is allowed to 

remain on them for a week or so, and then with a stronger brine. Mr. 

Lelong advises three brines, containing, respectively, 4, 8, and 14 

ounces of salt per gallon of water. To prevent the olives from becom- 

ing rancid, this strong brine must also be changed after it has become 

colored by the pulp of the fruit. If strong brine were put on at first, 

the olives would shrivel and be spoiled. To avoid a dangerous soft- 

ening of the fruits, especially the riper ones, Mr. Lelong recommends 

two or three soakings in the alkaline solution, each for four hours, the 
olives to remain in the fresh water for several days between each 

treatment. During these treatments great care must also be taken 

that the fruits do not become crowded together and squeezed and in 

this way become disfigured and unattractive. This is best prevented 

by treating them in shallow vats. After the scum has ceased to rise 

from the brine, the olives are ready to bottle or to storein kegs. The 

brine used for bottling is of the same strength as the last used in 

pickling. 

The process of extracting the bitterness of the olive by means of 

pure water usually lasts from thirty-five to sixty days, and during 

this time the water should be changed twice a day to prevent the 

development of bacteria and the spoiling of the fruits. In this proc- 

ess pure water is a great desideratum, and the value of distilled or 

boiled water can not be overestimated. No oil is lost by this process, 

and it also has the advantage of preserving the natural taste of the 

olive toa much greater degree, thereby insuring more delicious pickles. 

This process of curing the olive, however, is not popular, owing to the 

amount of time and attention required to insure success. In this con- 

nection the writer would suggest that if artesian or spring water can be 

had and if the tanks are properly arranged with inflow and outflow 

traps or valves the amount of time required from the grower can be 

reduced to less than is required by the lye process. It would be a 

very simple matter to so arrange the water supply that a barrel could 

be drawn from the bottom of the tank every hour or two and the same 

amount allowed to enter at the same time at the top, direct from the 

spring or other source of supply. If the inlet is constant and limited, 

the valve at the outlet could be worked automatically by means of 

floats. The whole could be arranged after the manner of an auto- 

matic flusher and very little personal attention would be required. 

The main feature to be considered would be the proper arrangement 

of the supply pipes so that the water would always be too cold for the 

rapid increase of bacteria and would not be exposed to the air before 

its discharge into the vats. 

At present pickled olives are put up on the Pacific Coast in bottles, 

kegs, half barrels, and barrels. Those put up in bulk are usually 
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sold to consumers by the quart or gallon. Prices vary according to 
quality and the laws of supply and demand, being commonly retailed 

from the barrel at from 15 to 25 cents per quart. 

DISEASES OF THE OLIVE. 

The diseases of the olive are quite numerous, but fortunately those 

most destructive to the fruit are not yet known in the United States. 

The most important olive trouble in this country, so far as observed, 

is the black scale (Lecanium olee). The control of this parasite may 

be most easily accomplished by treating the trees with resin wash at 

the time all the eggs have hatched. This will vary from year to year 

and in different localities, and should be determined by keeping 

eareful watch of the insect itself, lifting the scale and examining it 

for the eggs, which are deposited beneath the parent insect. It will 

be found advisable to keep trees clean by early spraying rather than to 

delay until they are badly infested. One advantage of this is that it 

will prevent the tree from becoming infested with the sooty mold, a 

fungus which always follows the work of the black scale, and which 

is hard to remove from the foliage. 

There are two insect enemies common in the Mediterranean region, 

which it is to be hoped may not reach this country. The more 

destructive of the two is a fly (Dacus clee), which stings the olive and 

the larva of which greatly injures the fruit. The olive crop is some- 

times much affected in Italy, Sicily, and Spain, and to some extent 

alsc in France, by the depredations of this insect. The other insect 

is a moth (Prays olecellus), the larva of which feeds, according to the 
brood to which it belongs, either upon the leaves, the fruit buds, or 

the fruit. The larva of the last brood, which lives within the fruit, 

causes the latter to fall from the tree. The olive is greatly injured 

by each of these insects, as the writer can testify from personal obser- 

vation, and every precaution should be taken to prevent their intro- 

duction into the United States. No fresh olives should ever be 

imported, and all truncheons, or cuttings, should be disinfected in a 

manner thorough enough to kill alleggs and pupz which may be upon 
or under the bark. 

A tubercular swelling of the smaller limbs and twigs is common in 

some parts of Europe, but as yet has not been seen inthis country. It 

is due to a bacillus, and the disease may be spread by inoculation. 

The excrescences, or tumors, characteristic of the disease are quite 

variable in size, but in most cases they mature before being quite an 

inch in diameter. Many branches cease to grow wholly or in part 

beyond the swellings after the latter have become partially developed. 

Some branches become stunted, while others die entirely toward the 

end, hence, the growth of the tumor is largely limited by the life and 

vigor of the limb bearing it. As ameans of preventing its introduc- 
tion, all imported olive branches should be carefully inspected by 
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someone familiar with olive diseases and all diseased branches or 
wood condemned and burned. There are many other European dis- 

eases of the olive due to fungi or insects or to physiological troubles. 
There are also several diseases of the fruit, leaves, and bark now 

present on the Pacifie Coast, but none of these are at this time 
causing any serious losses. 

[Notr.—The Census of 1890 reported the total olive production of the United 

States the previous year as having a value of $386,368 in the primary market. 
The whole of this production was reported from the Siate of California, which, 

with 278,380 olive trees in bearing, contained within its boundaries the entire olive- 
growing industry of the United States. Of these trees, 79,208 were in Los Angeles 

County, 58,340 in Sonoma County, 29,688 in Alameda County, 22,747 in Santa Clara 

County, 20,595 in Fresno County, and 10,486 in Butte County, the remaining 

57,566 being distributed over 31 counties, extending as far north as Tehama, with 

1,673. and Shasta, with 687, trees in bearing. The Eleventh Census also shows 

there to have been at that time 331,022 olive trees set out that had not yet come 
into bearing, 328,997 of them being in California, and the remaining 2,025 in Ari- 

zona. Although these trees should in the ordinary course have doubled the crop 

during the period that has since intervened, the imports of olives during the last 
seven years have been annually from one and one-half to two and one-half times 

as great as they wero in the census year, when they amounted to $211,817, or less 

than three-fifths of the value of the domestic crop. The imports of olive oil, or 

what passes for such, were greater in the fiscal year ending June 30, 1896, than 

ever before, being 942,598 gallons, of a declared value of $1,107,049. These various 

figures indicate the large possibilities that attend the cultivation of the olive in 
the United States.—EDITOR. ] 



THE USES OF WOOD. 

By FILIsERT ROTH, 

Hepert in Timber Physics, Division of Forestry, U. S. Department of Agriculture. 

GENERAL REMARKS. 

Wood, like soil, air, and water, has until recent times been one of 

hose materials which man could cbtain without effort beyond the mere 
taking. Hence, although it has become one of the most important, 

most generally used, and to our civilization most indispensable prod- 

uets of nature, our attitude toward its production has been one of 

indifference. Wood has been used so generally that a large amount 

of empirical knowledge regarding its properties has accumulated. 

This knowledge has sufficed for immediate purposes, and the'need of 

amore intimate knowledge gained by investigation and experiment 

in regard to the properties and characteristics of wood has never 

become very apparent. Abundance and cheapness, together with 

ignorance of its true merits, have led to a most extravagant and often 

erroneous use of this product. We have witnessed with indifference, 

also, the useless destruction of enormous quantities of timber in the 

vague belief, characteristic of the times, that when the supply is gone 

some substitute will be found. That this belief is poorly founded 

is quite apparent, for while such substitution as, for instance, that of 

iron in ship, bridge, and track construction has taken place, and un- 

doubtedly will continue and even increase in many directions, it has 

not prevented, even in countries like England, where wood is dear, 

an increased consumption per capita of population, while Germany, 

with all its well-managed forests, imports great quantities of large- 

sized timber. Moreover, as we learn to know the properties of this 
material, we find that it is capable of many uses for which it was sup- 

posed the metals alone were fit; wood is to-day displacing the best 

qualities of steel even in such delicately balanced structures as the 

bicycle. That this return to wood in many of our manufactures will 
continue, in spite of the cheapness of iron and steel, there is not the 

slightest reason for doubt, and the importance of wood as a material 

of construction, to say nothing of its use as pulp, cellulose, and its 

derivatives, and its growing value as a fuel, will steadily increase and 

not decrease, as is so commonly assumed and taught. 

Before entering into the discussion of the uses of different kinds of 

wood, and the reasons for their selection, it may be well to review the 

principal useful qualities of this material and to some extent compare 

it with its most natural substitutes. 
391 
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WOOD AS COMPARED WITH IRON. 

1. Wood is a natural product; iron the product of a costly, compli- 

cated manufacture. Wood may be grown wherever man wishes to use 

it; the manufacture of iron is practically confined to particular loeali- 

ties. The mines of both iron and coal are exhaustible; the forest, 
under proper management, produces forever. 

2. Wood is cheap; metals are dear. Even in the form of lumber, 

and with the cost of long-distance transportation added, wood costs 

the consumer in this country rarely more than 25 cents per cubie foot, 

while iron in bars and sheets is worth at wholesale from $5 to $10 per 
eubie foot. 

5. Wood is soft; simple tools and small effort suffice to shape it. 

Tron is hard; any change of form, whether by casting, rolling, sawing, 

cutting, planing, turning, filing, boring, or grinding, requires much 

labor, or else complicated and costly processes and equipments. In 

the ease and rapidity with which wood can be shaped, reshaped, and 

combined in structures it excels all other materials. 

4, Wood cleaves or splits; metals donot. While this property has 

its disadvantages, it is one that in some directions determines the 

usefulness of wood. It permits ready preparation for fencing and 

firewood, which latter use exceeds in bulk ten times the amount of 

iron and steel used in this country. 

5. Wood is stronger than is usually supposed. In tensile strength 

(pull lengthwise or with the grain of the wood) a bar of hickory ex- 

ceeds 2 similar bar of wrought iron of the same length and weight, and 

it even surpasses steel under the same conditions. 

Similarly, a select block of hickory or of long-leaf pine sustains a 

greater weight in compression endwise (parallel to the grain of the 

wood) than a block of wrought iron of the same height and weight, 

and nearly approaches cast iron in this respect. 

6. Wood is very elastic and resists bending to a marked degree; 

and though the modulus of elasticity of iron as ordinarily stated 

appears 10 to 15 times as great as that of good ash or long-leaf pine, 

yet a square 10-foot bar of the latter wood requires 6 to 8 times as 

great a load to bend it by Linch as a similar bar of iron of the same 
length and weight. Moreover, wood endures a far greater distortion 

than the metals without receiving a ‘“‘set” or permanent injury. It 
does not rust nor crystallize, but retains its quality, and being light, 

and therefore used in solid pieces, may be selected with perfect assur- 
ance of avoiding ‘‘flaws,” which are so dangerous in all metals when 

used in small pieces combined to make a larger structure. 
7. Wood is light; iron and steelare heavy. The average weight of 

all wood used in this country does not exceed 51 pounds per cubic 

foot; that of iron and steel is from 430 to 450 pounds per cubic foot. 
This quality affects ease of handling and transportation; it permits 

the floating of most woods when green and of all when dry, and with 
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its superior strength and stiffness results in a saving of more than 75 

per cent in the weight of structures, frames, floors, furniture, ete. 

8. Wood is a poor conductor of heat and electricity. Heated to 

150° F. or cooled below the freezing point of water, iron, steel, and 

other metals are painful to the touch, and even far within these limits 

metal objects are objectionable on account of their ready conductivity 

of heat. Wood, on the other hand, is entirely inoffensive as long as 

its temperature remains within the above limits. The objections to 

metal dwellings on this account are experienced also in heavy-armored 

ships, which, in spite of the excellence of an oceanic climate, are notori- 

ously uncomfortable and even injurious to health. 

When exposed to heat, wood is ignited and destroyed by fire. The 

inflammability and combustibility of wocd at high temperatures, 

though among its most valuable properties, are, at times, a drawback 

which metals do not share; nevertheless, during confiagrations the 

behavior of wocden structures is often less objectionable than that of 

metal structures; for, while a beam of wood burns, it retains its shape 

to the last, and the structure may stand and be saved, while under 

the same circumstances metal beams twist out of shape and thereby 
occasion the fali of the entire structure. This behavior of wood in 

conflagration has induced the best authorities, fire underwriters and 

others, to recommend the use of wood in all large structures where the 

combustible contents of the rooms annul the value of fireproof metal 
construction. 

If wood were a good conductor of electricity, its usefulness as a 

material of construction in our large cities would be much impaired, 

for it appears to be a very serious and constantly growing difficulty to 

protect life and property against this dangerous and yet so useful 

force. 

9. Wocds are normally inoffensive in smell and taste; liquors and 

wines of the most delicate flavors are kept in oaken casks for many 

years without suffering in quality. Chemical changes, often directly 

preducing poison, prevent the use of cheap metals for these purposes. 

10. Owing to their structure, all woods present varieties of charac- 

teristic aspects and possess no small degree of beauty. A plain sur- 

face of metal, of whatever kind, is monotonous, while one of wood, 

unless marred by paint, presents such a variety of unobtrusive figures 

that the eye never tires of seeing them. That this beauty is quite 

fully appreciated is best illustrated by the fact that pianos, sideboards, 

and other elegant furniture are not covered with sheet metal (as they 

might very cheaply and effectively be), and that the handsome floors 

of costly structures are neither painted nor carpeted. 

11. Wood is easily and effectively united by the simple process of 

gluing, so that valuable combinations, whether for behavior, strength, 

or beauty, are possible. A three-ply veneer board may not only be 

as pretty as, but also more serviceable than, a simple board of any one 
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of the two or three kinds of wood of which it is composed, and a white- 

pine door with cherry or walnut veneer is not only fully as handseme 

as a walnut door, but it is far superior in its behavior, since all shrink- 

ing and warping is thereby practically prevented. Iron and steel may 

be welded, most metals can be soldered, but none of these processes 

can be compared to gluing in effectiveness and ease of operation. 
So far weod has been regarded only as a material of construction; 

bui while this is perhaps the most important consideration, the use of 

wood as a substance which may be altered physically and chemically 

is far more important than is generally admitted. 

12. The great mass of mankind is warmed and has its feod eooked 

by wood fires. Even in this country to-day, in spite of the great com- 

petition of coal, three-fourths of all the homes and thousands of 

manufacturing establishments are supplied with heat from wood. 

13. Wood is ground into pulp and made into paper and pulp beards 

with endless variety of application. Wood pulp, made by chemical 

processes, results in cellulose and its countless derivatives, which 
are capable of supplying almost anything, from a shirt collar to a ear 

wheel. 

14. Distillation of wood furnishes charcoal to the smithy or furnace, 

vinegar to the table, aleohol to the artisan, creosote to the wood pre- 

server, gas for fuel and light, tar for roof boards, and pyroligneous, 

oxalic, acetic, and other acids, as well as acetone, paraffin, naphtha- 

lin, ete., to the manufacturing chemist, and, by a slight variation of 

the process, lampblack to the printer and painter. 

Wood also differs from the metals in several other respects. It is 

not fusible, it can not be cast; hence, to duplicate a form in wood 

requires the same amount of effort as did the original. Changed into 

pulp, and still more into cellulose, this drawback is largely overcome. 

Wood can not be welded, though, as stated before, this is more than 

compensated by gluing; nevertheless, an end-to-end junction of the 

kind produced in iron can not be effected. 

Wood ean not be relied; it must be cut into shape; but owing to its 

softness and cleavability this requires incomparably less effort and 

equipment than the rolling of metals. 

Wood is hygroscopic; it contains water under all ordinary econdi- 

tions, and the amount so contained varies with external conditions 

and with it the dimensions of the piece. Though an advantage in a 

barrel or tube, by making it more secure against leakage, this pecul- 

iarity of weod is nevertheless a drawback not belonging to the metals, 

but corresponding to the drawback in the use of metals occasioned by 

their annoying expansion and contraction due to change of tempera- 

ture. Wood decays; iron and steel oxidize or rust. Both are serious 

drawbacks to the use of these materials, but since decay depends on 

living organisms, whose multiplication is sometimes extremely rapid, 

at other times almost imperceptible, varying with the conditions of 
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the wood (moisture, temperature, etc.), the decay of woods is gener- 

ally more damaging than the oxidation of metals. Under water 

wood lasts longer than steel or iron. 

WHEREIN THE WOODS DIFFER. 

The properties which directly or indirectly lead the artisan to prefer 

a particular kind of wood for a special purpose may be grouped into— 

1. Mechanical properties, such as strength, toughness, stiffness, ete. 

2. Physical, such as weight and behavior during and after seasoning. 

3. Chemical, such as color, durability, and value as fuel. 

4, Structural, such as texture, beauty of pattern, and length of fiber. 

5. Biological, such as size, form, and abundance. 

MECHANICAL PROPERTIES. 

Of these several groups, the mechanical properties naturally take 
precedence, and of these again tough- 

ness and stiffness are unquestionably 

the most important, so that even the 

most general classification of woods 

into ‘‘hard woods” and ‘‘not hard 

woods” (for this latter class, though 
by implication the conifers, has so 

far no name in this country) depends 

not at all on hardness as the word 

might suggest, but on toughness, the 

tough woods being the hard woods, 

theothers the conifers. Since tough- 
ness is a combination of strength in 

several directions, the various forms 

of strength should be first considered 
separately. 

When in use, wood usually breaks 
in bending, as in the case of an ax 
or fork handle, or else in shearing Fic. 9£.—The four fundamental forms of 

or splitting, as seen in planks and — Tesstence: to tension; B to compres 
boards, whether on the sidewalk orin at right angle to fiber; D, to transverse 
the wagon body. Wood fails much tension; Ts fiber of wood. Arrows indi- 

<= . cate direction of force. 
more rarely in compression, though 

much exposed to this form of strain, and still less frequently in ten- 

sion, since in this direction its resistance is enormous, and can, in 

ordinary articles, never be brought to fair trial. 

Fundamentally, all strength of wood depends on four different 

forms of resistance, namely, the resistance to tension, or lengthwise 

separation of the fiber (fig. 94, A), resistance to compression length- 
wise (fig. 94, B), resistance to compression sidewise, or to collapse 

of fiber (fig. 94, C’), and lateral adhesion of the fibers (fig. 94, D). 
Where a stick of wood is tested, none of these forms of resistance can 
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be isolated and tested separately, and in every kind of failure two or 

more are represented. 

Since the strength of the fibers in adhesion is very much less than in 

tension and compression, adhesion enters into nearly 

every test as an important factor. 

Thus, if a piece of wood consisting of several fibers 

is tested in tension (see fig. 95), the fibers a and b 
would probably not break at all, but be merely 

ulled out, the failure, as far as they are concerned, 

being due to lack of adhesion and not to a lack of ten- 

sile strength. Every tension test presents numerous 

eases of this kind, the broken fibers presenting no 

even fracture, but being splintered and drawn out, 

especially if the wood is good. 

In the same way when a piece of wood is com- 

pressed lengthwise, some fibers badly situated with 

regard to the action of the load collapse or else 

crush into their neighbors (see fig. 96), and immedi- 

ately a breach develops, into which fiber after fiber 

falls, the breach spreading from this point; and the 

whole mass of fibers, now no longer adhering in this 

teas tension Diane, behave as a an A ne 

test: o,b,ends of greatnumberofsep- 

ans ee: Aa 9 arate fine strands— 

Bachale fice which they ‘‘buckie,” and 

mustibe broken. the piece fails. 

Bending is a compound test of com- 

pression on the upper (concave) side 

of the beam and tension on the lower 

(convex), and numerically stands be- 

tween these two, that is to say, if a 

stick breaks in bending, whether it 

break first on the upper side (in com- 

pression) or on the lower side (in 

tension), the bending strength, as 

commonly stated, is neither equal to 

the compression strength nor to the 

tension strength, but lies between (=—————— 

the two. Here, as in the cases cited, “WW” : 

adhesion forms one of the factors, ¥16-9—Beginning of failure in compres: 
2 sion: v, vessel; @, point where the fibers 

since at failure part of the rupture are separating and the “buckling” is 

consists in a separation of fibers. beginning. 

Shearing along the fiber is simply a test in adhesion, where the 

force acts in a line parallel to the fiber, and the values in shearing 

wherever tested agree with those of tests in ‘‘ transverse tension,” as 

the test of adhesion may be termed. 

———— 
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In splitting or cleaving, the case is, like shearing, almost entirely 

one of transverse tension; with this difference, however, that the 

force is applied to a small area and acts on a lever (the side of the 

cleft); it acts, therefore, the more effectively the longer the cleft and 

the stiffer the wood. From what has preceded, it is evident that the 

adhesion of the fibers, or, better, the resistance to transverse tension, 

is of great importance. Examining the structure, it is quite apparent 

that this resistance is greatly influenced by the shape and relative 

position of the fibers. In hard woods (see fig..97) the cells do not 

arrange themselves in rows; hence, there are no natural cleavage 

planes (except at the pith rays). A knife passing along the line A B 

in fig. 97 does not merely separate two layers of fibers; it has to eut 

through the celis themselves; while if passing through coniferous 
wood, asalong 4 B, 

fig. 98, it finds a nat- 

ural plane of con- 

tact of two sheets of 

fibers, and thus has 

easy work. More- 

over, the course of 

the fibers in hard 

woods is rarely 

straight, the fibers 

are generally in 

oblique positions 

(best iliustrated in 
elm), they ‘‘inter- 

lace,” and if a piece 

of woed is split the 

surface is fuzzy 

with the myriads 
of fibers which were Fra. 97,—Typical hard wood: f, f, wood fibers; p, pores; 

; v, v, cavity of vessels. 
not merely sepa- 

rated, but were torn in tension, the very way in which they offer 

greatest resistance. For these reasons hard woods have generally a 

much greater strength in transverse tension than the conifers. Thus, 

oak excels hard pine nearly as2tol. Where this greater resistance 

to transverse tension is accompanied by a greater flexibility, by more 

*“ give,” as is nearly always the case with hard woods, the wood becomes 

tough; a blow may indent, but does not shatter. 

This toughness is a combination of relatively great strength in 

transverse and longitudinal tension together with a fair amount of 

flexibility or capacity to endure distortion. That toughness varies 
widely is well known, as is shown in the elm, which excels in tough- 

ness, and in the yellow poplar, which possesses but little. Naturally 

the hard woods exhibit it to a much greater degree than the conifers. 



398 YEARBOOK OF THE U.S. DEPARTMENT OF AGRICULTURE. 

Even a poplar board will bear far longer the constant jar and jolt and 

wrench which it must endure as a part of a wagon box than a very 

streng piece of pine or other conifer, and great toughness, such as 

exists in a good hickory spoke, is not possessed by any known coniier- 

ous wood. 
Hardness in wood means the resistance which any surface, but par- 

ticularly the sides (longitudinal faces), offers to the entrance of a blunt 
body, such asa hammer. The test in hardness is one of transverse 

compression of the fibers, and therefore depends on their resistance to 

collapse. In a single fiber (see fig. 94, C’) this resistance depends on 

that of the material (presumably about alike in all wood), on the shape 

of the fiber, and the relative thickness of its walls. Fibers like those of 

hard woods (fibers proper, see fig. 97), with a hexagonal cross section 

Fic. 93.—Typical conifer, drawn to same scale as hard wood: b, p, bordered pits, by which 
neighboring cells (tracheids) communicate. 

and commonly seareely any cell lumen or hollow, naturally behave 

almost like solid wood substance. They offer great resistance, so that 

if the outer surface of a stick is formed by such fibers its hardness is 

very great. If, on the other hand, the surface layer is composed of thin- 

walled vessels or of tracheids, like those of the spring wood in conifers, 

the wood is soft. In the usual test the indentation extends but a 

short distance ahead of the instrument (as, for instance, when a tim- 
ber is struck with a hammer); butif the test is continued long encugh 

the compression results in destruction of all the thin-walled and much 

of the thick-walled tissue of the wood, so that timbers, such as those 

sometimes buried in collapsed portions of deep mining shafts, are de- 

stroyed throughout. Such a crushed stick continues to resist further 
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erushing, becomes compacted, dense, and heavy, but loses nearly all 

its bending strength, ete.; it takes up water rapidly, and when soaked 

erumbles like wood in the later stages of decay. Closer examination 

shows that all thin-walled fibers have collapsed just like crushed 

pasteboard tubes, the break running along two or more lines the length 

of the fiber, the form of the cross section being changed from a hexa- 

gon to an S shape, or an approach to this form. 

The hardness of wood in the sense as noted is quite variable, even 

in wood of the same species, varying on different sides and also 

according to the portion of the annual ring exposed at the surface, 

the extent of compression, and other circumstances. 

In nearly all wood used for construction, whether a bridge timber, 

the studding or joist of a house, or merely a table or chair leg, the 

stiffness of the wood is an essential quality, and in many if not most 

cases it is far more important than the ultimate strength. Thus, 

a rafter or joist need not be very strong, but it must bend but 

little under its assigned load, and even in furniture and smaller 

objects the piece must not only be sufficiently large to hold up its 

weight without breaking, but to hold it without being distorted to an 

unsightly or troublesome degree. In this case ultimate strength is 

not considered, but stiffness or elas- 

ticity rather, and in the majority of 

cases a ‘‘ strong wood” is, with the arti- 

san, really a stiff wood. The stiffness 

of a piece of wood depends onits weight 

and on its structure. If a single fiber 

of pine (see fig. 99) and one of hickory, both of the same size and 

thickness of wall, could be tested, they would probably be found alike 

in stiffness, strength, and degree of extensibility, for both are practi- 

cally alike chemically and physically. The great differences between 

these woods must therefore be in the combination in which the fibers 

occur in the wood structure, and it is in this that we find a ready and 

plausibie explanation for differences. <A glance at figs. 97 and 98, 

the one representing typical hard wood, the other coniferous wood, 

shows that— 
1. The elements of structure are alike in conifers, unlike in hard 

wood. 

2. They are all large (comparatively) in conifers, while in hard wood 
extremely small elements (fibers proper) form scattered bodies among 

larger ones (parenchyma) and very large ones (the vessels). 

3. These bodies of small fibers, the strongest part of the wood, 
have extremely thick walls, compared to their size, in the hard woods, 

but much less so in the conifers. 
4, The fibers in conifers are arranged in perfect rows (or really 

sheets, for the cells of each row are practically conterminous), those of 

hard woods are found in divided bodies, and appear like separate 

Fig. 99.—Single cell test in bending. 
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strands of specially strong material. In addition, the fibers (tracheids) 
in conifers are usually much longer than those in hard woods, a fact 

not shown in the figures. On account of these structural conditions 

the fibers in the conifer act much more perfectly together and allow 

less ‘‘give” than the heterogeneous elements and especially the sepa- 
rated strands of fibers in hard woods, which arrangement permits more 

‘‘sive,” and this ‘‘ give” lessens the stiffness or elasticity of the hard 
wood. For if we return to our single cell (see fig. 99) we would have 
the upper part compressed when the fiber is bent, the lower extended, 

and the behavior would simply depend on the shape of the fiber and 
the material of its wall, but if we have a set of fibers and vessels (see 
fig. 100) grown together and tested the behavior depends not only on 

their shape and the material, but also on the relative position of the 
fibers and other elements. Those which are crooked or oblique on 

the upper side of the stick will have their unfavorable attitude 
increased, those on the lower side will merely be straightened or but 

partly strained, while the main part of the load applied at first is 
borne by only a part of the fibers, that is, those straightest in their 

position. Here the large fibers of the conifer with their regularity of 
| arrangement all fall in line 

at once, they are ‘‘straight 

2 SSS and the timber is stiff. 
= =—= Moreover, when the load is 

removed the case is exactly 

reversed. The fibers of 
coniferous wood, all being 

strained, exert the same 

power to return, while 
many of the fibers in the hard wood, on the other hand, are really 
under but little strain, they make little effort to return, the timber 

does not ‘‘spring back,” and thus is neither very stiff nor springy or 
resilient; it is not very elastic. Thus, it is that conifers are, as far as 
is known at present, generally stiffer than hard woods of the same 

weight, the difference often being very considerable. The finer and 
the more even the structure of the hard wood, the straighter the grain, 

the greater the weight of any wood, and the more perfectly it is sea- 
soned, the stiffer it is. In conifers this quality seems to vary directly 
with their weight. In hard woods the matter is too little known to 
warrant any general statement, though here, too, heavy woods like 

oak and ash are stiffer than light woods, such as poplar. 

/ 
Fig. 100.—Behavior of hard wood in bending. 

PHYSICAL PROPERTIES. 

Weight is an important indicator of the mechanical qualities of 
wood and a direct measure of its value as fuel or material for coaling 

1Jt must not be understood that coniferous wood is always straight grained in 

the ordinary sense of the word. 

SEIS —— a grain,”! the ‘‘give” is small, 

7 
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and dry distillation, and often determines the choice of woods for a 
particular purpose. Thus, panels and other surface lumber in vehi- 

eles, thrashers, and other movable articles, which should be no heavier 

than necessary to perform their function, and all lumber for shipping 

crates and boxes, especially where these must be tight and stiff, are 

invariably selected from the lightest wood obtainable. 

Generally speaking, our vonifers are lighter than the hard woods, 

but there are light and heavy kinds in both. 

_ Shrinking, swelling, warping, and checking are the greatest draw- 

backs to the use of wood, and are all expressions of the same property 

of wood material, namely, its hygroscopicity, or capacity to absorb 

or give off water and thereby change its volume. All the walls of 

the cells grow thicker if a dry piece is moistened. This increases 

the size of the cells and thereby the size of the piece. The larger the 

single cell elements the more rapidly the water can get to or from 

all parts, and the nearer all cells are alike in size the more nearly 
they shrink and swell alike. 

This explains why pine or other coniferous wood shrinks and swells 

much more evenly than hard woods, and also why they are more sus- 

ceptible to moisture. It also accounts for the fact that the lighter 
hard woods give so much less trouble in shrinking and ———- than 

the heavier ones. 

CHEMICAL PROPERTIES, 

Since the chemical composition of the cell wall of all woods is quite 

similar, the value of wood as fuel and in dry distillation merely 

depends on its weight. Of the chemical properties important in con- 

struction, it is chiefly durability’ and color which enter into the selec- 

tion of materials, both dependent on chemical combinations. What 

the substances are which make the heart of cedar and white oak 

durable and what the processes are which lead to their formation are 

as yet but little understood. It is certain that these bodies are pres- 

ent only in very small quantities, but perfectly permeate the cell walls 

and commonly appear together with more or less sharply marked 

changes in color. 

Generally, trees with durable wood form a distinct heartwood, but 

their sapwood is no more durable than that of other kinds. Since 

durability depends mainly on resistance to living organisms, proper 

experiments to determine the relative durability of woods are exceed- 

ingly complicated, and satisfactory results are still wanting. In the 

absence of better data, the “life” of railway ties as commonly 

observed will in some measure answer this Secret agi 

1 Durability here means 3 the resistance to decay when placed it in the ground. or 

otherwise unfavorably exposed. 

12 A96 26 
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Range of durability in railroad ties. 

Years. Years. 

White oak and chestnut oak ___- 8 | Redwood )..cshe. J. ga 12 
(Oeste ae oe a a 8 | Cypress and red cedar___________ 10 

lethal (ent: ea eae Ss 10°) "Tamarack .2- 7to8 

Cherry, black walnut, locust _--- % | Long-leat pine—. — -_.- = eee 6 

© CLI Uy lie i a in Ae ya rindi a Sto 7 | Hemlock 222" eee 4 to 6 

Red and black oaks .......-._-.- 40% | Spruce... 2. 212 22lsus ee 5 

‘Ags heeckh, maple 222222. 50 S38 4 

An even color, a darker or lighter shade, are such important ele- 

ments in the appearance of wood that in all finishing work color is 

one of the chief considerations in the selection. 

STRUCTURAL FEATURES. 

Besides being intimately related to the mechanical properties, the 

structure also determines the texture and almost entirely the beauty 

of the wood. Texture may be said to be coarse when large pores, in 

rows or scattered, appear as holes on the ends or as dark streaks 

(troughs) on the sides, as in oak and ash; it is moderately coarse if 
all its elements are large, as in pine, and it is fine if all the elements 

are small, as in cherry, and much more so in bexwood. Apart from 

the appearance of the wood, the texture is often in itself a property 

which fits or unfits the wood for a particular use. Thus, red oak is 

useless for a faucet or for a delicate piece of carving, because in the 

one case it leaks, in the other ite own coarse-texture lines will mar 

and distort the picture. 

Structure is the first element of beauty in wood. Its uniformity 

of structure makes white pine monotonous; the striking difference of 

spring and summer wood renders hard pine obtrusive; the arrange- 

ment of vessels, fibers, and pith rays characterize oak, and the peculiar 

arrangement of the same elements gives to elm those handsome figures 
of dark wavy lines on an even background of brown. 

Without analyzing or inquiring into their cause, the several pat- 

terns have become familiar to all, and our bedroom sets in oak and 

maple, cherry or walnut, testify to their recogniticn and importance. 

BIOLOGICAL PECULIARITIES. 

Size, form, and abundance of wood more than any other features 

have influenced the development of our wood industries. Man is 

indebted to the large, long-shafted, and well-formed conifers to a 

degree rarely appreciated for assisting him in his progress. Occur- 

ring on extensive areas and combining most useful qualities, they are 

generally sought for structural purposes. Masts of spruce and pine 

are carried across the seas, telegraph and other long poles of the same 
species are hauled hundreds of miles because of their form and the 

ease with which straight, elastic material can be found among them. 
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If a carpenter were obliged to rely upon beech, birch, chestnut, oak, 

poplar, etc., and had to use them in combination, house building 
would be not only much more difficult and costly, but unsatisfactory. 

While the stringer or joist of pine would keep straight, its neighbor, 
the oak, would sag down, the chestnut would warp out of line, the 

beech and hickory would soon be infested with boring insects, and 

the whole would be a failure. Abundance in suitable size, form, 

and qualities have made white pine the king of American woods, and 

so fully are these properties appreciated in practice that it required 

a severe struggle to introduce even such unexcelled material as 

cypress as a substitute. 

WHERE AND HOW WOOD IS USED. 

Though the consumption of lumber and timber in the various trades 

is enormous in this country, yet nearly three-fourths of the twenty- 

five billion cubic feet of total consumption still finds its way into the 

fireplace or is employed for fencing and other minor uses. 

For these purposes almost all kinds of wood are used, though quite 

a selection is made wherever choice exists. Thus, in many of the 

better-wooded districts only the heavier hard woods, and often only 

the better second growths of these, furnish a marketable cord wood. 

Fencing is normally made from the wood on the land to be fenced, 

but the combination of durability, ease of cleavage, and lightness 

leads to preference of chestnut, cedar, etc., provided these can be 

had; otherwise any and all kinds are used, and much fencing is made 

of sapling poles and brush, notwithstanding the rapid decay as well 

as inferiority of such material. 

But little more care is necessary in the selection of timber for rough 

constructions like log houses, barns, and sheds. In these cases timber 

of such large dimensions is commonly used that its mechanical prop- 

erties are never greatly taxed, and the principal properties desired 

are ease of shaping and durability, and even this latter is deemed 

requisite only for foundations and unprotected portions. 

CARPENTRY. 

Among the woodworking industries that of carpentry, with nearly 

$300,000,000 worth of annual product, is, in this country, by far the 

greatest consumer. The material for this trade furnishes employment 

for most of our lumber and planing mills; it is generally sawed into 

standard sizes, much of it planed, matched, and otherwise finished. 

In carpentry we may distinguish between the covered or rough por- 
tions, such as the framework of a house, including sills, studdings, 

plates, joists, rafters, sheathing, and roof boards, and the exposed 

parts, such as the floors, doors, window frames, sash, blinds, and any 

Stationary furniture, as store and office fixtures. For the former the 

wood must be abundant, in suitable, preferably standard, sizes, for 
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any cutting involves extra labor and waste, any splicing adds to the 

cost and deducts from the value of the product, and it is fair to say 

that the excellence, cheapness, and rapidity of American carpentry 

is in a large measure due to the development of uniform lumber 

standards. The wood for covered work should be straight, soft, or 

easily worked; it should be light, stiff, and insect proof, and should 

season rapidly without much warping. On the other hand, it does 

not require to be tough or very strong, for if properly designed and 

used, the full strength of the frame of a house is never put to test; it 

need not be flexible, cleavable, nor handsome, and, so long as it is kept 

dry, but little provision is requisite for its durability. It is readily 

seen that the combination of properties here desired is possessed to 

a considerable degree by all our common coniferous woods; and as 

a matter of fact entire houses are built of pine, or spruce, or fir, and 

everything from a sill to a shingle is made of every one of the many 

conifers in the market, not even excluding the hemlock. Where 

choice exists, the heaviest forms furnish the stiffest lumber, and may 

therefore be used in the smallest dimensions. Nearly all this wood is 

nailed or spiked in place, very little is framed by mortise and tenon, 

and none is glued together. 

In selecting the lumber for the exposed portions of carpentry work 

great latitude exists. Aside from the floors, stairways, etc., where 

the hardness or resistance to wear establishes preference for hard 

woods, such as oak, maple, and birch, nearly the same qualities are 

demanded as for the covered work, with, however, the important addi- 

tion of beauty, or satisfactory appearance, and a greater degree of 

hardness to protect against injury by denting and scratching. Though 

formerly a large part of this class of work was made of soft pine, the 

introduction of modern machinery, besides better taste and other 

causes, have greatly stimulated the use of hard pine and such hard 

woods as oak, ash, maple, birch, syeamore, gum, and elm, with a pos- 

sibility of using almost every kind of wood grown in our forest. Gen- 

erally, this finishing lumber, as it is commonly termed, is nailed to its 

place, the floors, ceiling, wainscot, ete., being tongued and grooved 

and thus in part framed together, while regular frame and panel work 

is used only for furniture, doors, and sash, and occasionally for ceil- 

ings and sides. 

As in the preparation of lumber, the carpenter is greatly aided in 

this part of his work by numerous special industries. Standard sizes 

of doors, sashes, and blinds are made almost altogether in special fac- 

tories; stairway railings, ornamental columns, all moldings, fancy 

floors, office and store fixtures are made in separate shops and require, 

on the part of the constructing carpenter, only the fitting and placing. 

In part of this work much artistic taste is displayed and the methods 

of the cabinetmaker are resorted to. Turned and carved decorations, 

the use of faney woods—curly, bird’s-eye, and other forms—(often 

—_ 
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foreign woods) both in solid pieces and veneer, are employed, and the 

selection of the woods is much the same as in cabinetwork, though a 

greater range is possible, since in stationary parts the strains due to 
moving, etc., are avoided. 

Enormous masses of wood are annually consumed on our highways, 

especially on railways, for wharves and piers, and large quantities 

alsoin mines. The hundreds of miles of wooden railway bridges and 
trestles and many more miles of common bridges, together with piers 

and wharves, are generally built of heavy timbers, either sawed, 

hewed, or in the rough, while smaller dimensions, chiefly 2 to 3 inch 

planks, enter merely as cover, and are usually wanting in the case of 

railway construction. Where foundations are made by means of piles, 

or large timbers driven into the soft ground, durability is always a 

much-desired property. Nevertheless, more than one-half of all the 

pile timber is pine, and only a minor fraction is of white oak and other 

durable woods. In brackish and salt water, where the timbers never 

have time to decay, but are attacked by the boring shellfish—the 

teredo—durability can be of but little importance and the wood is 

selected with regard to size, shape, and cheapness. 

What has been said of piles applies to the larger part of all wharf 

and pier timber; durability is the most desirable quality sought, for 

the conditions are here always unfavorable to the preservation of 

timber. Generally no other demands are made. Ultimate strength, 

hardness, weight, and beauty, all are of secondary consideration in 

this kind of construction. . 

A large part of all mining timber serves the purpose of protecting 

the shaft against caving in, but great quantities are also used in the 

preparation of tram and rope ways, hoists, and other structures used 

in the removal of the products of the mine. Most of this material is 

used in large quantities at one place and in large sizes, and the avoid- 

ance of long-distance haul, usually costly in mining districts, abun- 

dance of proper sizes, and cheapness are of greatest importance. The 

bulk of mining timbers, both in this country and abroad, are there- 

fore of coniferous wood, most commonly pine, locally hemlock, larch, 

cedar, etc., and occasionally hard woods. Timber for bridges and 

trestles, especially large structures, such as railway truss bridges, 

demands suitable form and size, great stiffness coupled with a mini- 

mum of weight, and also an easy, even seasoning of all the parts. 

These timbers are rarely seasoned when put in place, and a consider- 

able warping of any parts would endanger thestruecture. Accordingly, 

the conifers—pine, spruce, cypress, cedars, ete.—form the principal 

bridge timbers, and hard woods are only used in exceptional cases. 

Bridge and trestle timber is usually sawed in standard sizes and large 

stocks of it are kept on hand by most railways. In placing them the 
parts are bolted together, all framing by mortise and tenon is avoided 

as much as possible, and the tensile strains are largely intrusted to 
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iron reds, while shearing or splitting from the ends is avoided by 

metal caps. In this way a great part of the timbers are strained 

chiefly in endwise compression, where again the conifers excel when 

the same weights of wood are compared. As in the case of wharf 

timbers, durability, though a desirable factor, is generally regarded 

as of secondary importance, and abundance in proper sizes and form, 

stiffness, lightmess, and good behavior in seasoning determine the 

choice, though very perishable woods like beech, maple, and hickory 

are always excluded. 

In all larger and more permanent work of this kind, iron and steel 

are rapidly displacing wood as a material of construction. These 

metal structures are not only more durable, but in ease of bridges 

avoid the danger of fire, and being framed as far as possible at the 

factories may be erected in a remarkably short time. 

ROAD BUILDING. 

For the purpose of railway ties over 400,000,000 cubic feet of young 

and sound timber (mostly second growth) are annually required. 

Being largely buried in the ground (ballast), and therefore exposed 

to the most unfavorable conditions possible, most ties decay long 

before they are worn out, and durability, therefore, is the first con- 

sideration in their selection. Nevertheless, especially on large trunk 

lines with heavy traffic, ties are commonly injured by wear, not only 

to an extent which hastens the decay, but often to such an extent 

that the ties are worn out before decay has become injurious. In all 

such cases the ties require a considerable degree of hardness and 

toughness, or else must be protected by metal “‘tie plates.” This 

valuable combination of durability, hardness, and toughness, together 

with great abundance, oak timber alone possesses, and fully 60 per 

cent of all ties are made of white oak (several species), pine, owing to 

its cheapness, following, while the rest are mostly cedar (several 

species), chestnut, and hemlock, the last named being chosen only en 

account of its cheapness. Railway ties are generally made from 

round timber, rarely from splits, hewed on two sides (top and bottom), 
more rarely sawed to size. On many of the larger roads an effort is 

being made to increase the life of ties by impregnation with metal 

salts or creosote, and also by protecting them against severe wear by 

means of metal tie plates. The substitution of metal for wooden ties, 

so extensively practiced abroad, has scarcely begun in this country. 

Wooden blocks for pavements have been considerably experimented 

with, but their introduction in this country seems to progress very 
slowly. Both round and squared blocks are used; they are made 8 

to 10 inches high, usually placed on a special foundation, the spaces 
filled with asphalt and other mixtures. Exposed to great wear and 

liable to rapid decay, the wood for this purpose should be quite hard 

and fairly durable. Less durable wood, such as beech, elm, pine, etc., 

EE Eee 
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is impregnated. Wooden pavement of badly selected sections of sap- 

lings of cedar or cypress, such as exists in Chicago and other places, 
is unsatisfactory in every respect. 

SITIPBUILDING. 

In shipbuilding, small as this industry is in this country at present, 

very large quantities of wood are consumed. Of the $29,000,000 worth 

of ships and boats built in 1890 about $14,000,000 worth were built of 

wood, the rest of metal. Rowboats, river barges, and kindred vessels 

are generally constructed of ordinary coniferous lumber, pine, spruce, 

fir, and cedar prevailing; in larger boats and most seagoing vessels, 

in which the hull is almost a solid mass of hewed rib timbers covered 

outside and inside with heavy planking, largely fastened with locust 

treenails, the rib frames, keel, and outside planking are made of 

hard woods, preferably oak, the inside planking and decking of conif- 

erous woods. 

Since not all immersed portions are subject to decay, such perish- 

able woods as maple and birch, contrary to common belief, answer very 

well for frame timbers and planking. Cabins for crew and passen- 

gers, and framework for mast and machinery, are usually built of 

coniferous wood, the work resembling house carpentry; masts and 

other spars are made of conifers, usually pine. 

As in the ease of bridge work, iron and steel are rapidly displacing 

wood in naval construction, and by far the greater part of the better 

seagoing vessels are no longer made by the ship carpenter, but by the 

boilermaker, and the use of wood in shipbuilding is thereby limited 

to decking and finishing lumber. 

JOINERY. 

The joiner’s trade, including furniture, cabinet, and box work, with 

an annual product of about $200,000,000, ranks at present next to ear- 

pentry as a consumer of wood. As in all other branches of industry, 

a@ great amount of specialization has taken place, and almost all our 

establishments manufacture but one line of goods, frequently but a 

single article. Though great difference exists in the work of these dif- 

ferent establishments, the extremes are connected by numerous links, 

and any classification is accordingly imperfect. In the selection of 

wood for this industry we may distinguish between two kinds, the 
more important one, which must please the eye, and the less impor- 

tant, in which beauty is but a secondary consideration. 

In addition to being handsome (a matter of taste), good furniture 
wood should be fairly hard in order to make a strong joint, prevent 

indentation, and assure a good polish and wear; it should also be 

fairly tough to avoid splitting, and for some parts quite strong to 

permit its use in small dimensions in spite of hard usage. 
In recent years fashions in woodwork have sprung up; walnut, 

cherry, oak, maple, birch, elm, ash, gum, all have their admirers and 
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are rivals for predominance, and at present it may be said that any kind 

of hard wood which is offered in sufficient quantities and proper sizes 

will be acceptable to the furniture trade. In all better grades of work, 

curly, bird’s-eye, and other figured woods, as well as foreign woods, 

are extensively used. 

The second class of woods used in joinery is employed as covered 

or as body wood under veneer, as backs of cases, bottoms and sides of 

drawers, and for ordinary cheap chests, boxes, and crates for storage 

and shipping, of which about $50,000,000 worth are used each year. 

For these purposes all the lighter hard woods as well as conifers are 
used, and they are generally valued according to lightness, width, and 

freedom from knots. Most of the joiner’s material consists of sawed 

lumber; chair rounds and legs, and a large part of the bent ware, 

are often made of split stock. All material is thoroughly seasoned, 

passing usually through the drying kiln before it is used. 

In this kind of construction larger surfaces are paneled, both for 

appearance and the better behavior of the structure. Veneers, both 

sawed and cut, are employed in single layers on a soft-wood body, as 

on large cabinet pieces, both to save costly woods and to reduce weight, 

as well as to guard against shrinkage. They are also used for seats, 

etc., in double and triple layers, glued together and pressed while 

being glued into the particular form desired. Most of the wood is 

planed, but large quantities, especially in chairs and table work, are 

turned, and probably the greater part of all wood turning, as well as 

much wood carving and braiding (rattan and wicker work), is done 
in connection with this trade. Aside from packing boxes and crates, 

the great mass of this ware is joined by gluing; much of it is ‘‘ dove- 

tailed” and otherwise framed, and, unlike the carpenter, the joiner 

relies more on the screw than the nail. 

Attempts to substitute iron and steel in furniture work are con- 

stantly being made, and iron bedsteads, and iron-framed seats for 

schools, churches, and parks are quite extensively used. 

CAR AND WAGON WORK. 

In the manufacture of wagons, carts, carriages, and cars, we may 

distinguish between those using wooden wheels, including all common 

vehicles, and those using iron wheels, usually running on tracks, 

including street and steam cars. The timber used in this trade may 

be divided into two groups, that used for wheels and axles, or the run- 

ning gear, and that of the box or body of the vehicle. The former, 

especially the wheels of ordinary wagons and buggies, are exposed to 

harder usage than almost any other kind of wooden struetures. Every 

mile of travel means thousands of jars, blows, jerks, and jolts to the 

wheels and to the entire running gear. Moreover, both hub and fel- 
lies must bear numerous large mortises to receive the spokes, and at 

all times the weight of the wheels as well as of the whole vehicle 
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should be as small as possible. For this reason the wood used in the 

running gear must be of the toughest and strongest, and hickory, oak, 

and elm are normally the wheelwright’s woods. In good work, spokes, 

fellies, axles, and shafts are made of split stock, for which only the butt 

cut (lower 6 to 20 feet) of young or second-growth trees are used. A 

greater range for selection exists in the case of coarser work where 

larger sizes are employed, and here the fellies, tongues, bolsters, and 

axles are commonly made of sawed timber. 

In its simplest form, as seen in the dray, cart, or lumber wagon, the 

body is a mere platform to hold the objects to be transported. In 

the carriage and car it becomes a house in which the goods or passen- 

gers are sheltered as well as conveyed. In the former case it consists 
merely of a few boards or planks, preferably of some light wood, 

screwed or bolted to crosspieces, together with movable or fixed sides 

and ends to prevent any material from falling off. In the latter, it is 

a large box more or less completely covered and supplied with doors, 

to which are added in the passenger car numerous windows and ven- 

tilators. Abundance of space, small weight, and great strength are 

demanded of all carriage and car bodies, and since the injury of the 

jars, jolts, and wrenchings to which these bodies are constantly 

exposed grows with their weight and size, they require careful con- 
struction and good material. 

In general, such a body consists of a strong hard wood frame with 
panels or cover of thinner and usually lighter material. In carriages 

and passenger cars, particularly the lightly built street cars, where 

these frames are quite complicated and the dimensions of all but the 

bottom timbers reduced to the smallest possible size, and where, more- 

over, mortises are cut into almost every timber, only the tougher hard 

woods answer the purpose. Where timber is used in larger dimensions 

and the construction is simplified, as in freight cars, considerable hard 

pine is used. 

Oak, especially white oak, and ash are the favorite timbers for 

framework; the cheap and thick covering is made of pine, panels and 

finishing work of yellow poplar, basswood, sometimes true poplar, also 

of ash, oak, cherry, walnut, mahogany, etc., either solid or in veneer. 

In this finishing work, taste and expense, even more than fitness, 

determine the choice of material, and the methods employed are those 

of the cabinetmaker. The wood for bodies is universally bought in 

the form of lumber or sawed timber, and its treatment is the same as 

in furniture work. 

The amount of timber used in wagon and ear work is very great. In 

1890 the value of the total output of this trade was about $340,000,000, 

of which $205,000,000 fell to the manufacture of steam and street cars. 

OCOOPERAGE, 

Cooperage ware may be divided into tight packages, capable of 

holding liquids, and ‘‘slack” ware, intended for dry substances, such 
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as flour, cement, and lime. All cooperage ware is made in two dis- 

tinct forms, the barrel-shaped, where the stave is bent longitudinally 

and cupped transversely, and the tub-shaped, where it is straight 

longitudinally and only cupped transversely. 

In addition to resisting great mechanical stresses and rough usage, 

barrels containing costly liquors should impart no taste nor allow the 

liquid to ooze out, and thus be lost. Barrels being stored often for 

years in damp cellars, the material should also possess considerable 

durability and be insect proof. Of all common woods, white cak (sey- 

eral species) alone fulfills these requirements, and it is therefore the 

only material of which at present first-class wine and liquor casks are 

made. For inferior grades intended for oil, sirup, ete., other hard 

woods, such as red oak, maple, elm, ash, beech, and chestnut, are also 

used. Tanks, tubs, pails, churns, and other ‘‘straight-stave” ware, 

receiving much less hard treatment, are commonly made of coniferous 

wood—pine, spruce, cypress, and especially cedar. Slack barrels are 

made of almost every kind of woed offered in proper sizes, though 

here again the hard woods are preferred where great weight and hard 

treatment endanger the structure. 

White-oak stock is usually split in the woods, ordinary stock and all 

slack-barrel stuff are sawed on special machines which imitate the 

splitting. For this purpose the wood is commonly bought by the cord 

in bolts of prescribed length, the staves and heads packed and shipped 

in sets, or else set up and sold as finished barrels. 

Though wooden hoops are largely displaced by iron, much cooper’s 

ware is still bound in hoops of ash, elm, chestnut, willow, and hickory. 

An output of $38,000,000 worth of ware for the year 1890 — illus- 

anes the importance of the cooper as a wood consumer. 

FARM AND HOUSEHOLD MACHINERY AND IMPLEMENTS. 

Though almost every article enumerated under this group is made 

by a separate special factory, it is, for the purpose in hand, conven- 

ient to group them under a common head according to their use. 

Here belong thrashing machines, fanning mills and windmills, har- 

vesters and other reaping machinery, cultivators, plows, harrows, all 

kinds of dairy apparatus, washing machines and clothes wringers, 

ladders, and pumps; then also the smaller implements—hand rakes 

and forks, snow shovels, ete. 

Most of these articles are subjected in their ordinary use to shaking, 

jarring, jolting, and wrenching, and while this amounts to little more 

than a strong vibrating motion in a fanning mill, it equals, in the case 

of plows, cultivators, or reaping machinery, the trying stresses borne 

by a wagon or cart. 

In general, it may be said that all kinds of woods are used in the 

manufacture of these implements, by far the greater part being 

hard wood, and their selection depending solely on the mechanical 

——E———— 
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stresses to be met. Where these stresses are very great, as in plow 

beams or cultivator frames, and where, moreover, the timbers are 

extensively bored and mortised, only the strongest woods—hickory, 

oak, ash, and elm—meet the requirements. Larger machinery with 

extensive surfaces, such as thrashing machines, are built with a hard- 

wood frame, made usually of ash or oak filled or covered with some 

lighter hard wood, such as basswood or poplar. 

In the smaller implements the mechanical requirements are often 

very great; thus nothing but tough hickory makes a good ax or pitch- 

fork handle. Where these stresses are less, ash, maple, elm, beech, 

and birch are permissible, and in such cases as broom handles even 

bassweod and poplar. In almost all cases the conifers are excluded on 

account of their tendency to splinter and shatter for want of toughness. 

Most of the wood of these articles is bought as ordinary lumber, con- 

siderable quantities, especially of late years, being sawed at the saw- 

mills for the particular purpose intended, and but little made from 

splitstock. The industries here enumerated turned outin 1890 nearly 

$100,000,000 worth of product, of which perhaps one-fifth was for wood- 

work proper. Substitution of iron for wood and wocd for iron is 

consiantly going on in these industries as experience modifies the 

views of both consumer and maker. 

WOODENW ARE, 

Under woodenware may be grouped the numerous articles made 

by the turner, the carver, and the split-ware industries independent 

of the large manufactures previously mentioned. Thus, the turner, 

in addition to his work in the joiner’s shop and car factory, supplies 

spools, bobbins, and shuttles to the textile industries; handles for 

chisel, hammer, and file; shoe lasts and other form blocks; wooden 

shoes, artificial limbs, crutches, gunstocks, butter and other molds, 
and a host of other articles. 

A good chisel handle should wear smooth, be hard to hold the tool, 

and be tough to resist splitting. Similarly a shoe last must be firm 

and smooth and not easily split or shattered by hammering; a faucet 

should not leak, and an Indian club or billiard cue should be firm, 
strong, and stiff, as well as of good appearance. 

Of our woods, cherry, pear, apple, hawthorn, dogwood, persimmon, 

and walnut for finer wares; maple, birch, beech, blue beech, and iron- 

wood for less decorative wares, and basswood, poplar, willow, red 

cedar, with occasional use of spruce, pine, ete., for light goods, form 

the common material; but there is no wood possessing sufficient hard- 

ness and a fair texture which could not well be employed in this trade. 
Turner’s stock is both split and sawed to size, and great care is exer- 
cised in its seasoning. 

Carving, in this country, is almost limited to the decoration of the 

products of the joiner, the car builder, and the shipbuilder; and many 
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of the articles formerly made by the carver, such as bowls, scoops, 

trays, shoe lasts, clothespins, etc., are now made by the turner. 

Carvers’ material must have several distinct qualities. It must be 

sufficiently hard, strong, tough, and fine in texture to receive the 

details of form without breaking or splitting; its color and texture 

must be such that these details are clearly shown and the picture 
not marred by obtrusive peculiarities of color or structure of wood; 

and, lastly, it must also be hard enough to preserve the details under 

ordinary use. From this it is clear that the selection depends largely 

on the nature of the carving. In rough, cheap articles, with no fine de- 

tails, any wood is good enough, and usually the softer kinds, like bass- 

wood, poplar, and even spruce, are used. Heavy ornaments like 

large bas-relief figures in church paneling are usually made in oak, 
in spite of its coarse texture. For small articles with minute details 

only hard, even-colored, and fine, even-textured woods like cherry, 

apple, dogwood, ete., can be used. The wood for these purposes is 
usually split from the log, requires perfect seasoning, and all larger- 

sized objects should be made of several pieces. 

Wooden type for the printing of show bills, etc., also a kind of carv- 

ing, requires a hard wood of even texture, and sugar maple is usually 

employed, though such woods as birch, holly, etc., would do equally 
well. 

For the purpose of fine wood engraving none of our native woods 

seem to be sufficiently fine in texture, and foreign wood, chiefly box- 

wood, is used. 

Split and veneer ware include the finer grades of wicker ware, made 

of split and planed willow rods, split baskets, woven ware for window 

shades, curtains, hats, ete., sieves, dry measures, matches, toothpicks, 

pegs, excelsior, also veneer boxes, plates, baskets, and crates. 
Lightness, cheapness, and toughness usually decide the choice of 

material for these purposes, and though the easy splitting spruce and 

pine are worked up into splint baskets the result is never as satisfac- 

tory as if hard woods are employed. Poplar (both true poplar and 

tulip) and basswoods are the best of woods for this use, but where 

power and logs are cheap, gum, maple, birch, beech, and other fairly 

even-textured woods are cut, and the product is naturally superior in 

strength and wear. In these industries the wood is split or cut into 

veneer and strands while fresh, worked up at once, or dried and then 

usually remoistened when woven or putin shape. Any solid bottoms 

of crates and boxes are made of light pine and spruce lumber. 

In pianos and organs the outer covering is made of fancy woods, for- 

eign or native, solid or more commonly in veneer; frame and action of 

hard wood, particularly ash and maple, the latter being preferred-for 

piano actions. Larger surfaces and veneer-covered body wood are 

pine, spruce, or other conifer, while the sounding-boards are almost 
exclusively spruce. 
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Among the miscellaneous consumers of wood, using relatively large 

quantities, may be mentioned the toy man, with his world in miniature. 

In this work, lightness and ease of shaping, coupled to as much tough- 

ness as possible, determine the preference for the lighter hard woods 

and particularly basswood and poplar, but spruce also and pine are 

extensively employed. Occasionally, however, the severe wear of the 
toys forbids the use of any but the toughest woods, and then hickory, 

oak, and ash are used, and in general in this line, as in the manufac- 

ture of implements, the woods are chosen to meet the expected 

mechanical stresses, only that toys should be as light as possible and 

are more easily pardoned for breaking. 

MACHINE BUILDING. 

Though wood has been almost entirely displaced in large machin- 

ery and the ancient trade of millwright has become a mere tradition, 

yet large quantities of wood still enter here and there in factory equip- 

ments, and it is noteworthy that wood is returning in many places 

where its displacement seemed a settled matter. Thus, wooden cogs 

for heavy gearing and wooden belt pulleys, besides other parts, are 

fast gaining favor. Where wood is used in framing, funnels, chutes, 

carriers, elevators, ete., the general principles laid down for kindred 

structures hold; where the frame is large and stationary hard and 

soft pine or other conifers serve well; if small, and especially if sub- 

ject to much motion, shaking, etc., hard woods—oak, ash, and elm—are 

preferable. Panels and surfaces generally are made of conifers, if 

fixed; of hard woods, if there is much danger of shattering by rapid or 

violent movements. 

WOOD PULP AND PRODUCTS OF DISTILLATION. 

In the arts where the wood is not used as a solid, but its structure 

is destroyed, three processes may be distinguished: 

1. The manufacture of pulp, by grinding the wood into small frag- 

ments, to be pressed together into sheets and used in the manufacture 

of paper, ete. It is desirable for this purpose that the wood have a 

light color to avoid extra cost in bleaching, and a long fiber to facili- 

tate the felting and to give greater strength to the product. Spruce 

and poplar (several species) have generally been preferred, though 

pine, tamarack, fir, buckeye, and maple have also been used. In this 

process the chemical substances of the wood are not changed; its 
physical structure alone is altered. 

2. In the manufacture of ‘“‘chemical” pulp, where the wood is 

macerated by the use of acids or alkalies, its structure is not only 

destroyed, but also its chemical composition, a part of the substance 

being dissolved out and thus lost. The range of choice of material 

for this process is very much greater than in the preceding, there 

being no wood from which cellulose may not be obtained, though 

in practice woods containing much dark coloring matter or large 
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quantities of resin have so far been generally excluded. In addition 

to the woods mentioned for ground puip, basswood, gum, cypress, and 

hemlock have been tried. | 
3. An entire chemical change is brought about in the ‘‘ destructive ” 

or ‘‘dry” distillation of wood. Here the wood is heated and made 
to undergo various combinations. More than half its substanee is 

changed into a gaseous form, large parts of which are condensed into 

wood vinegar, wood alcohol, tar, etc., by ccoling, while only about 

one-fourth is left behind as charceal, retaining the structural form 

without its mechanical qualities, and radically changed in its chem- 

icaleomposition. For this purpose any and all woods can be used, and 

since the size cf the wood affects nothing but the size and shape of the 

charcoal, small pieces (refuse, sawdust, ete.) are just as applicable as 
the best of log-size material. The products of this industry are such 

that enormous quantities can be used and their consumption can 

readily be stimulated by increased production. 

PECULIARITIES OF OUR WOOD MARKET. 

From the feregeing statements it may seem as if nearly all our uses 

of wood were satisfied by about a dozen kinds; that some of them, like 

oak, are ‘‘ used for everything,” and that the matter of selection is quite 

simple, the properties of these few kinds having been well known for 

indefinite time. This, however, is not the case, for it is our ignorance 

as to the relative merits, in strength and behavior, of the half dozen 

cedars, twenty or more pines, and equally numerous oaks growing in 

this country which causes their being here lumped tegether, compels 

the manufacturer and dealer in lumber to wrestle with the prejudices 

of his customers, and obliges these, in turn, to experiment and try 

each kind and case. It is this ignorance which, especially in the 
past, has been such a great obstacle to the introduction into the mar- 

ket of any new species or the more extended use of the well-known 

kinds, and has led to the exclusion of wood from many parts of its- 

legitimate domain. 

The market price of any kind of lumber depends at present only to 

a small extent on the excellence of the wood in the qualities inherent 

in it; it is governed chiefly by its range of applicability and other 

external circumstances. Among the latter are especially prominent 

the extent and character of the trade calling for the particular kind 

of wood, and the regularity and extent cf the supply. Thus, white 

pine is used in such vast quantities, especially by carpenters, that we 

have in this country the reverse cf the Old World conditions, and see 

the choicest hard woods go begging. In addition to this use in large 

quantities, white pine can be employed for so many special purposes 

that thousands of costly machines are constructed for its preparation, 

thus naturally augmenting its use. 



THE USES OF WOOD. 415 

The absence of sufficient wood industries near the woods and the 

consequent long haul to markets cause some very strange price lists. 

The following is an example, as taken froma journal: 

Prices at Chicago, 1896. 

Prices per 1,000 feet, B. M. 

Variety. 
Firsts. Seconds. 

Cheap woods: Dollars. Dollars. 
PE REREP SLD Cen nla unae Aon eee ake a ae omer aha Sete oe eae eet ee 17 15 
Soft maple 16 15 
Basswood ---- 18 16 
Rock elm _- 16 13 
Soft elm _-- i8 16 
Sycamore 15 14 
Ce GLEE GES a eae Ee ae en ne en 20 18 

Valuable woods: 
(USES DSU tees SR a Se ee nS een ee ee ae ee 26 24 
Gum (sweet or red gum) 25 21 

LOTLS pee lace SRS Ses a See ee eee eos 23 21 
Poplar (yellow 2 25 
Chestnut and butternut --- 28 25 
LED cee ee eee 27 2 
WTS Oak 2... <.5-5-225--22. 26 2 
LET a Rci a 22 Os See ee a ee eee ee a eae Sa i oe pe Geet 28 26 

Costly woods: : 
OS eels poo a i a eee Se IS en eas Oe eet 70 65 

PRUE RRI oie oe Se  A eee s 65 
PLCS PRET ON Teen eee see Se a cae ee Cis ee See ae sea e aaeke a etteeecs 46 

We heave here the inferior chestnut ranking with and above white 

oak, red oak equal and superior to white oak, and such an excellent 

material as rock elm at the very bottom of all. 

In general, it appears that the prices of hard woods are fairly inde- 

pendent of those of conifers, and that among the heavier hard woods 

oak determines the rating. 

UTILIZING THE TIMBER. 

What should be done with a large tract of marketable timber de- 

pends so largely on circumstances, such as the nature of the wood, 

facilities for logging, distance to and character of market, that it is 

impossible to give any directions of generalapplicability. The impor- 

tanee of reducing everything to the smailest possible weight, to save 

handling and freight, and also to increase the value of the product 

by careful selection and the greatest admissible degree of finish, is 

generally recognized, and the shingle and lath mill, as well as the 

planer and molding machine, have followed the sawmill to the woods. 

While it is thus quite difficult to advise, a few suggestions as to the 

possibilities of timber exploitation may prove acceptable to owners 

of small tracts of timber land, and the following is intended chiefly 

to apply to small bodies of mixed hard woods, such as are abundant 

in the eastern part of the country. 

Usually it is desirable to have some definite idea as to the quantity 

of timber standing on the particular tract of land. In most cases, 

especially if the timber is of large size, it is best to make a complete 
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inventory, excluding, of course, all young and useless trees. For this 

purpose the trees are counted, the different kinds of oak, ash, etc., 

being kept separate, and for each tree the following dimensions noted: 

Diameter (inches) breast high, measured. 

Diameter at top of saw-size timber, estimated. 

Total height of tree (in feet), estimated. 
Length of saw timber, estimated. 

From the figures thus ascertained, the volume of the saw timber is 

obtained by taking one-half the sum of the upper and lower diameters, 

squaring, multiplying by the length of the timber (taken in feet), and 

dividing by 16,' the result being the amount of lumber wood in board 

feet. Of this about one-half must be deducted in ordinary hard woods 

for bark, slab, saw waste, crooks, anc other defects. 

The approximate total volume of each tree may be estimated by 

multiplying the area of the cross section (breast high, taken in inches), 

with half the total height of the tree taken in feet, and dividing by 

144, the result being in cubic feet. ? 

Converted into cord wood, it requires 75 to 100 eubic feet of this 

solid measure to make a cord, or 128 cubic feet in the pile. In 

thickets of pole wood the amount of cord wood is often best estimated 

by counting the trees on a given area and noting how many 4-foot 

pieces an average tree will make, keeping in mind that it takes about 

175 large-sized pieces, 200 medium or mixed, or else about 225 to 250 

sinalier pieces to make a cord. 

Where considerable tie timber stands, the trees are best kept sepa- 

rate, noting for each how many ties it will furnish. Generally, trees 

under 12 inches in diameter are best left standing, unless they have 

special value for wagon or turner’s stock, or else may be used for 
pulp. Special sizes or special kinds, such as walnut, cherry, yellow 

poplar, may often be sold in the log either to special manufacturers or 

else for export. Generally, this is not profitable. The bulky logs cost 
much to handle, and the buyer will deduct all wastage to the disad- 

vantage of the timber owner. 

In nearly all cases a sawmill of some kind is indispensable. This 

need not always be large; sometimes a portable mill worth $1,500 to 

$2,000 answers very well, and in some cases an arrangement may be 

made with a conveniently located neighborhood mill, although this 

commonly divides the interests to a troublesome degree. 

The logging is usually best done in late fall and winter; labor is 

then more abundant, transportation locally facilitated by snow, and 

1More correctly, take half the sum of upper and lower cross sections, multiply 

by length, and divide by 12. This calculation can be much simplified by the use 

of tables of circles, and still more by the use of such books as Scribner’s Log Book. 

* The process need not be repeated for each tree. Thus, if 30 trees have about the 

same general height, the sum of their cross sections is used to multiply into the 
length, etc., and the work can easily be much shortened. 
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the danger from fungi, causing discoloration and decay, as well as 

from boring insects, is at aminimum. Where this is not practicable, 

or where the bark is to be utilized, as in oak, all timber (cut in spring 

and suminer) should be worked up as fast as cut, and any logs not at 

once sawed or split should be peeled, raised off the ground, and their 

ends painted. The particular product to be sawed depends on many 

circumstances. Along railways oak timbers are usually salable as 

sawed bridge and switch timber, car sills, ete., and timber of this kind 

deserves special attention, since it involves less labor in conversion 

and leaves little waste. All larger timber, especially of beech, birch, 

maple, chestnut, etc., may be cut into lumber, care being had to saw 

according to the quality of the log, for it is wasteful to saw a good log 

in a careless manner. Where sawed axles, bolsters, tongues, and 

other wagon stock are in good demand, these may be made, and rarely, 

in good timber, does careful quartersawing fail to pay for the extré 

labor involved. Whether the lumber is to be 1-inch or 2-inch stuff 

depends on the nature of the market and the wood, and a careful 

inquiry into what the dealer or consumer wants is in all cases of the 

utmost importance. The butt cuts of hickory, ash, elm, oak, and 

locust usually bring special prices as wagon and carriage wood, and 

therefore should be worked up into spokes and fellies, and otherwise 

shaped to suit the particular case. Where the market warrants, white 

oak may be split into cooperage stock, hickory into chair rounds and 

handles, birch sawed for spool wood, maple for all kinds of turner’s 

materials, walnut for gunmakers, and much light wood is profitably 

converted into ‘‘shooks” or small boards, usually cut five-eighths of 

an inch thick, for barrels and boxes. 

Many of the smaller woods, such as dogwood, hawthorn, and others, 

may be sold to the turner and cabinetmaker, and at all times burls, 

eurly, birds-eye, and other specially valuable forms should receive 

attention. Smaller timber is preferably worked up into railway ties, 

for which only the more durable oak, chestnut, and locust are suited. 

Long, straight trees, especially of chestnut, are always in demand for 

telegraph and telephone poles, which, however, cause considerable 

trouble in handling and transportation. Tops and other refuse should 

be cut into cord wood, even if little more than expense is safely cov- 

ered, for even in this case it furnishes employment and removes rub- 

bish, which is always a nuisance and frequently a danger to the young 

growth, which should be left standing. Effort should be made to utilize 

all kinds of trees and all parts of every tree. Generally, it is easier 

and safer to convert trees into lumber only, since this is always sala- 

ble, the largest trades all using wood in this form, but it is often more 

profitable to attend to the wants of other consumers and prepare 

wood for special uses, and even where this is not the case it may pro- 

mote a more perfect utilization of all the material. In this connection 

12 A96 27 
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attention may be called to one of the common mistakes made by small 

coneerns. It consists in neglecting both proper selection and care. 

The good should always be kept with the good, for it does not pay to 

sell the good with the bad, and in no ease is it profitable or even 

excusable to spoil good lumber by bad piling, as is often done on 

unsuitable, damp ground, with no care as to ventilation or cover. 

A fair profit may easily be converted into a serious loss by neglecting 

to care for the board after it is made. 

In oak timber the bark will usually prove a valuable source of 

revenue as tan bark. It should be peeled off in the spring and care- 

fully dried, preferably under cover, since it molds if damp and is also 

injured by rain. 

An illustration of what may be done by careful, systematic man- 

agement is shown in the following particularly interesting case of 

timber exploitation, in no feature imaginary or theoretical, but actu- 

ally carried out a few years ago: 

Forty-three acres of well-stocked, rough timber land in eastern 

Pennsylvania were bought for $5,800, together with 48 acres of 

improved farm land, for which $2,500 additional was paid. <A porta- 

ble second-hand mill was purchased for $1,000; mill shed and shanties 

were erected, and this outlay, together with all the wages (nearly 

$4,000) and cost of hauling, railway and canal freights (little 

over $4,000), brought up the total outlay, land included, to $18,855. 

As the mill was at once set in operation, some income was derived 

from the first, thus obviating the necessity of considering the interest 

on the several expense accounts. 

The following represents the cut from these 43 acres made in just 

two years, with only the partial personal attention of the owner and 

without the employment of a special superintendent: 

Amount and value of articles and lumber sold. 

Miscellaneous: Sold for. 

idtons:of oak bate 2. 22222... «0 Seeas-eee et Se eee $1, 224 

801 cords of firewood ---.------- wth enews soo eee tees a 2, 640 
196\teleptaph poles... -. 0... 222s) oe eee 500 

16,800 hickory spokes _- eens bd ees ES ole oS ere 388 

66,000 feet slabs (oannng mieasure), ane largely in mines-- 7223. é 333 

For custom sawing. -..-..-:...2+ --.//.2)si<2-23-+: 5 -b eee 130 

A WOUSbee) So 2052 Ue Si 622s. 7 

Wotal S.Seeete! Dito ce iL oe ee ee eee 5, 222 
Lumber (board measure): 

Hickory butts (bought by paper mill for cogs) -......_- feet_. 9,680 

Birch, sycamore, and second-cut hickory (sold to toy con- 

CORT) been sed END eS, ee Se lS ee -feet._ 11,822 

AGL gtk cee Oe eas pee tee bs eee eee ngs ENE RS So dose 957 

Wealsnt = *-- 2 ee SES ehh ODE 2 EP ee ees do... 3,414 

Wellowapoplatiy ere. 2: ve) re SE tl eee ON Eke 3! SS do... 12;94i 

Gin’ 2 ee ee se eee do:<: —iSs8G 
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Amount and value of articles and lumber sold—Continued. 

Lumber (board measure)—Continued. Sold for. 

WUGH ONG eee he SRR Ree eee aA pp 3 yl ae 2 feet.. 1,042 

(CUNGSIWOT TH Hy aioe AS 5 A tar re en ee; Sees do... 34,719 

(Oiie) 22 a ee ea Sea ee eee . eee do... 162, 552 

SG ist lee a wet a ee ws Fels Ties “Gok. Tay eset for Ae yk yee es _ 238,513 $6, 522 

freee (AaiG 1 ee ee 2 ee em See ee ee Es number - 9,345 5,282 

SUT DRGL DA ton oe) ee ee oe ee seen linear measure__ 6, 217 821 

IR ne le tee a Ge icine i = 654 

TINS A EO es eee 0.5 Oo ere eee Oe eee Sen Fee een es 18, 501 

Place and mill were then sold, the former at $4,623, the latter at $1,000, 

CELE PEST e En SRS aa ha Gee ae a ee ee 24, 124 

Pe ainPdaronre ST OMSOLOimee tye se eh 8 9 She SAI ee ee ree aed Se 18, 855 

[SRE Eb | OMRON TI (0 inten es oT Se Seal ek nae eo ea ie See Pete nee Pe hs 8 5, 269 

Here was a tract of 43 acres of timber with a yield of less than 

16,000 feet, B. M., per acre as ordinarily estimated; a stumpage of 

about $5 per 1,000 feet, and a profit of over $100 per acre. While it is 

not possible to repeat this everywhere, it goes far to explain why good 

hard wood timber in eastern Pennsylvania and New Jersey sells at 

$100 to $150 per acre when farm land does not bring one-half as much, 

while only 30 years ago the case was exactly the reverse and the farms 

were rated by the amount of ‘‘cleared” land. It also shows how, at 

least in a large part of the eastern United States, woods may be 

exploited in a careful instead of a wasteful manner, and how many ¢ 

small holder, who can give the matter his personal attention and do 

much of the work at odd times, may make his wood lot a source of 

revenue. 

In this case the object of the purchasers was simply to take from 

the ground and put into their pockets the money value which had 

been accumulating in the wood for centuries; and this they did with- 

out regard to what became of the ground after the crop was harvested. 

It was a speculation. 

The farmer who owns his property not as a speculation but as an 

investment should go to work very differently in exploiting his wood 

lot. He should first determine whether his wood lot stands, as it 

should, on the poorer portion of the farm—the pertion least fitted for 

agricultural purposes by reason of its rocky condition, its poor or thin 

soil, the steepness of its slope, or its location on a slope or hilltop 

where it helps to regulate the waterfiow and prevent the washing of 

soil, ete. If it is so situated, and if therefore it is proper policy to 

keep the ground for forest crops—the only crops which can be profit- 

able in such situation—then the cutting of the mature virgin timber 

should proceed in such a manner as to secure a desirable reproduc- 

tion of the same, so that when the old crop is harvested a young crop 

is taking its place. 
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How this may be done merely by the judicious use of the ax in 

harvesting the old crop may be learned from the Department Year- 

book for 1894, in the article on ‘‘ Forestry for farmers,” where the gen- 

eral principles are described, by the application of which such natural 

reproduction of the virgin growth may be secured. This would 

require a more gradual removal of the old crop, and all the cutting 

would have to be done with special regard to the needs of the young 

crop; in consequence the entire manipulation of the harvest, the 

disposal of material, and the financial arrangements would have to be 

modified, but the result can undoubtedly be made as satisfactory from 

a money point of view. 

When the wood lot occupies desirable agricultural soils, the proper 

policy is to remove it, turn it into cash, and devote at least a portion 

of the proceeds to reforesting such waste portions of the farm as may 

be found on it, applying the principles outlined in the preceding 

article, ‘‘ Tree planting in waste places on the farm.” 

It may be added that the study of how to use to best advantage 

all the material which grows in the forest, including the inferior kinds 

and inferior sizes down to the very brush, is as necessary to a profit- 

able management of the wood lot and to forestry in general as the 

study of the conditions and methods by which the best development 

of the crop may be secured. To many it may appear that the time 

for such careful use of wood has not yet arrived; nevertheless, as in 

other agricultural pursuits, he who knows how to turn to account the 

small things is even now the most successful manager. 

aa, 



AMBROSIA BEETLES. 

By HENRY G. HUBBARD. 

GENERAL REMARKS. 

Among the defects caused by insects in timber, known to lumber- 

men as wormholes, or pin holes, there are certain borings of small 

diameter, but frequently of great extent, which are distinguished by 

the stains which they leave in the surrounding wood and by the 

blackened lining of the burrows, which gives to them the appearance 

of having been bored with a red-hot wire. These black holes are 

characteristic indications of the depredations of a group of small elon- 

gate beetles, with compact cylindrical bodies, short legs, and dull 

brown or black coloration. The forms of two species are shown in figs. 

103 and 104. In external appearance there is little to distinguish 

these beetles from their near relatives, the bark borers (Scolytide), but 

in habits and mode of life the two groups have little in common. The 

entrances to their galleries in the bark of trees are precisely similar, 

and the designation ‘‘shot holes” would be equally descriptive of 

either group. The variations in diameter are very well covered by 

the different sizes of smaller shot. The bark borers feed upon the 

wood which they excavate. Their galleries are superficial, lying 

within or just under the bark, and are packed with the wood dust 

which has passed through the bodies of the insects. The galleries of 

the ambrosia beetles, on the other hand, lie wholly within the wood, 

and in all their ramifications are of uniform size and free from wood 

dust or other refuse. Their food consists not of wood, but of a sub- 

stance to which the name ambrosia has been given, and which is a 

coating formed by certain minute fungi and propagated on the walls 

of their galleries by the beetles. The action of the fungus produces ~ 

the characteristic stain in the wood which serves to distinguish the 

galleries from those of all other deep-boring timber beetles. 

About thirty species of ambrosia beetles, distributed in six genera, 

are now known to occur in the United States. Nearly all species and 

varieties of forest and fruit trees, together with many shrubs, are 

liable to their attacks, which fortunately seldom occur in vigorous 

plants, but are in the great majority of cases confined to those already 

dying of disease or which have suffered severe injuries. Neverthe- 

less, there are among the number some which enter sound and healthy 
421 
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wood. To very young trees and to small twigs and branches these 

may prove fatal by cutting off the flow of sap with an encircling gal- 

lery. In large tree trunks their attacks are seldom sufficiently long 

continued or extensive enough to endanger the health of the tree. 

Most of the species confine themselves in their borings to the sap- 

wood; others, on the contrary, penetrate deeply into the heartwood 

and spoil the timber for any useful purpose by filling it with defects 

and promoting its decay. 

THE FOOD FUNGUS. 

The term ‘‘ambrosia,” applied to the food material of these beetles, 

originated with Schmidberger in 1836. This writer, treating of a 

common European species injurious to fruit trees, declared that the 
food consists of a sub- 

stance coming from the 

wood and elaborated by 

the mother beetle to form 

‘‘a kind of ambrosia.” 

Many writers have since 

indulged in speculations 

concerning the nature of 

this substance, but few 

of their number appear to 

have taken the trouble 

to examine it under the 

microscope. Theo. Hartig, 

in 1844, recognized and 

gave a name to the fungus. 

The same author in later 

writings pointed out that 
several distinct kinds of 

these fungi existed, and he 

conjectured that they were — 

connected with the differ- 

ent sorts of timber in which he found them. In this, however, Hartig 

was in error. The different species of ambrosia beetles have each a 

particular species of fungus upon which they feed and which they are 

able to propagate in any kind of timber in which they may make 

their galleries. The food fungi of different ambrosia beetles do not 

mingle even when their galleries are in close proximity in the same 

tree trunk. 

Much yet remains to be discovered concerning the nature and the 

propagation of these interesting fungi. Only a few of the many 

forms which probably exist have been investigated. Those which - 

have been observed appear to fall into two categories: (1) Those 
which grow with upright stems, like mosses or coralines, and have at 

Fia. 101.—Ambrosia of Xyleborus celsus. 
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the terminations of the stems and branches swollen cells, which pro- 

duce spores, a representative of this class being ambrosia of Xyleborus 

celsus (fig. 101); (2) those which form chains of spore-bearing cells 

that break apart and accumulate in bead-like masses, a form of this 

class being ambrosia of Corthylus punctatissimus (fig. 102). 
All the growing parts of the fungus are extremely succulent and 

tender. The spore-bearing cells especially are pellucid and glisten 

like dewdrops. When the plant is in active growth, these reproduc- 

tive cells are produced in the greatest abundance and appear upon 

the walls of the galleries like coatings of hoarfrost. They are, how- 

ever, exceedingly minute, and the details of their structure can be 

discerned only by the aid of a powerful microscope. 

It is probable that these peculiar fungi have for ages been propa- 

gated by the ambrosia beetles, and through long association the plant 

and the animal have become completely dependent the one upon the 

other. Certain it is that the two classes of the fungi which have just 

been mentioned have very different habits of growth and of behavior 

under the cultivation given them 

by the beetles, and that these 

differences are closely connected 

with two distinct systems of rear- 

ing the young to be found among 

the fungus eaters. 

The spore-bearing cells of the 

moss-like forms, those growing 

upon upright stems, are quick to 

ripen and discharge their myriad 

spores. If neglected or broken 

down, the fungus beds quickly 

deteriorate and the plant disap- 

pears as if overwhelmed by a 

ferment. Like a bed of aspara- 

gus, it remains succulent and edible only when continually cropped, 

but if allowed to go to seed is no longer useful as food. The ambrosia 

beeties, which possess a fungus of this sort, feed upon it as it grows 

in the beds. The young larve nip off the tender tips as calves crop 

the heads of clover, but the older larve and the adult beetles eat the 

whole structure down to the base, from which it soon springs up 

afresh, appearing in little white tessellations upon the walls. 

The young of the beetles in this case feed themselves, and conse- 

quently wander freely about the galleries in company with the adults. 

The second class of ambrosia fungi, growing chains of cells which 

ean be readily broken apart and transferred from place to place, is 

fed to the young by the parent beetles. The species which have ambro- 

sia of this class raise their young in separate pits, and the mouth of 

each pit is kept closed by a plug of material from the fungus bed. As 

F 1a. 102.—Ambrosia of Corthylus punctatissimus. 

. 
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fast as they are consumed, the plugs of food are renewed by the mother 

beetle. 

Various disturbances of the conditions necessary to its growth are 

apt to promote the ripening of the fungus, and this is a danger to 

which every colony of ambrosia beetles is exposed. If through any 

casualty the natural increase of a populous colony is checked, there 

results at once an overproduction of the ambrosia. It accumulates, 

ripens, and discharges its spores, choking the galleries and often suf- 

focating the remaining inhabitants in their own food material. The 

same result may sometimes be brought about by closing the outlets of 

the galleries through the bark, or by spraying into them kerosene or 

some other noxious liquid. The inmates of the colony are thereby 

thrown into a panic, the beetles rush hither and thither through the 

galleries, trampling upon and crushing young larve and eggs, break- 

ing down the delicate lining of ambrosia on the walls of the brood 

chambers and puddling it into a kind of slush, which is pushed along 

and accumulated in the passageways, completely stopping them in 

places. The breaking down of the food fungus follows, and in a few 
days the galleries are filled with a paste-like mass of granules, or spores, 

or with threads of mycelium, in which the living insects are suffocated 

and destroyed. 

The ambrosia does not make its appearance by accident or at ran- 

dom in the galleries of the beetles. Its origin is entirely under the 

control of the insect. It is started by the mother beetle upon a care- 

fully packed bed or layer of chips, sometimes in the bark, but generally 

at the end of a branch gallery in the wood. In some species the am- 

brosia is grown only in certain brood chambers of peculiar construec- 

tion. In others it is propagated in beds near the cradles of the larve. 

The excrement of the larve is used in some, and probably in all, of the 

species to form new beds or layers for the propagation of the fungus. 

It is not alone, however, the excreta of the living beetles or their 

young that is required for the development of ambrosia; there must 

be present a certain amount of moisture or sap, and the sap in most — 

species must be in a condition of fermentation. Certain ambrosia 
beetles seem not to need fermentation in the propagation of their fun- 

gus; their galleries are constructed in the sapwood of vigorous plants. 

The great majority of the species, however, attack the wood of such 

trees only as are moribund—trees in which the natural circulation of the 

sap has ceased and fermentation has begun. Some of the number 

are also able to produce their food fungus in wood which is saturated 

with a vinous or alcoholic ferment, and they attack wine and ale 

casks, perforating the staves with their galleries and causing serious 

loss by leakage. 

The precarious conditions under which their food is produced 

limits the life of a colony of ambrosia eaters in most cases to a single 

generation. 
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Under favorable conditions and in large tree trunks, colonies may 

continue their excavations through two or three generations before 

the failure of the sap or changes of its condition put an end to their 

existence and force the adult beetles to seek new quarters 

When their galleries are disturbed and opened to daylight, the 

adult beetles generally fall to eating their ambrosia as rapidly as 

possible. Like other social insects, they show their concern at the 

threatened loss of their most precious possession and try to save it, 

just as bees, when alarmed, fill themselves with honey. 

As its honey is to the bee, so to the ambrosia-feeding beetle its food 

fungus is the material, the propagation and preservation of which is 

the chief concern of its life. Its solicitude concerning it is not sur- 

prising when one considers the hereulean labors which it undergoes 

in the effort to produce it, the frequent failures, and the difficulties 

and uncertainties that at all times attend its preservation in the 

vegetative form, in which alone it can serve the insect as food. 

THE LIFE HISTORY OF AMBROSIA BEETLES. 

In the care which they give their young and in the methodical and 

complex provisions which they make for the welfare of the colony, 

these beetles display the characteristics of true social insects, such as 

are known among bees, wasps, ants, and the termites, but which have 

not hitherto been found to exist among any other representatives of 

the order Coleoptera. 

These social instincts reach their highest development, apparently, 

in the genus Platypus. The species of this genus are readily known 

by their very long cylindrical bodies, their prominent heads, flattened 

in front, the flattened and spur-tipped joint of the front legs, and in 

the males the spine-like projections of the wing cases behind. They 

are powerful excavators, generally selecting the trunks of large trees 

and driving their galleries deep into the heartwood. 

The female is frequently accompanied by several males, and as they 

are savage fighters fierce sexual contests take place, as a result of 

which the galleries are often strewn with the fragments of the van- 

quished. The projecting spines at the end of the wing cases are very 

effective weapons in these fights. With their aid a beetle attacked in 

the rear can make a good defense and frequently by a lucky stroke 

is able to dislocate the outstretched neck of his enemy. 

The females produce from one hundred to two hundred elongate- 

oval pearly white eggs, which they deposit, in clusters of ten or twelve, 

loosely in the galleries. 

The young require five or six weeks for their development. They 

wander freely about in the passages and feed in company upon the 

ambrosia which grows here and there upon the walls. The chitinous 

ridges upon the thoracic segment, together with the row of tubercles 
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upon the other segment, enable the larva to move as rapidly through 

the galleries as if it were possessed of well-formed legs. The mouth 

parts of the larva are also provided with strong cutting mandibles, 

but the inner jaws are not adapted to masticating hard food, such as 

particles of wood. 

The older larve assist in excavating the galleries; but they do not 

eat or swallow the wood. The larvee of all ages are surprisingly alert, 

active, and intelligent. They exhibit curiosity equally with the adults, 

and show evident regard for the eggs and very tender young, which are 

seattered at random through the passages, and might easily be 

destroyed by them in their movements. If thrown into a panie, the 

young larvee seurry 

away with an undu- 

lating movement of 

their bodies, but the 

older larvee will fre- 

quently stop at the 

nearest intersecting 

passageway to let the 

small fry pass, and 

show fight to cover 

their retreat. 

When full grown 

the larva excavates a 

cell, or chamber, into 
which it retires to 

undergo its transfor- 

mations. The pupa. 

cells are cut parallel 

with the grain of the 

wood and generally 

occur in groups of eight to twelve along some of the deeper passages. 

The older portions of the galleries are blackened by the long-con- 

tinued formation of the food fungus. 

In the ambrosia of Platypus compositus the terminal cells are hemi- 

spherical, and are borne in clusters upon branching stems. 

The species of Platypus do not attack trees in health. They are 

attracted only by the fermenting sap of dying or very badly injured 

trees. The death rattle is not more ominous of dissolution in ani- 

mals than the presence of these beetles in standing timber. If the 

timber attacked by them is to be saved even for firewood, the sooner 

it is cut down and seasoned the better. 

Another group of ambrosia beetle, the species of the genus meine 

rus, like Platypus, raise their young free in the galleries. Xyleborus 

celsus (fig. 103) and X. «ylographus (fig. 104) illustrate in both sexes 
two of the more important members of this group, of which there are 

ee eeaeeere 

Fia. 103.—Xyleborus celsus, female and male. 
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numerous species in the United States. It will be noticed on refer- 

ence to these figures that the males and females of each species are 

quite dissimilar. The males are smaller than the females; they are, 

moreover, without under wings, and 

the wing covers are solidly united so 

that they have not the power of flight 

and can not accompany the females 

when they go forth to found new colo- 
nies. Only oneortwo males are found 

in each colony. 

The males fertilize their brood sis- 

ters within the galleries, and by them Y 

a second generation may be started in be aK THT 

the same tree. But usually the sea- F!¢- 104—Xyleborus xylographus, female 
5 : : and male (original). 

soning of the wood and the threatening 

failure of the food fungus warn the young females to depart and seek 

fresher tree trunks in which to found new colonies. 

Tne swarming of the females leaves the abandoned males in sad 

plight. Since they are unable to consume the rapidly ripening 

ambrosia, they must also wander forth, although wingless and weak 

in organization, or perish by suffocation. They therefore frequently 

assemble in certain galleries to form bachelor colonies, where by their 

combined numbers they are able for a time to prolong their existence. 

They are found 

\v 

. LESS sometimes to the 
fig i number of fifty or 

yO sixty, packed one 
Yi behind the other 

in asingle gallery. 

The females 

alone excavate the 

domiciles, which 

consist either of 

branching galler- 

ies, as in the gal- 

lery of Xyleborus 

pubescens(fig.105), 
or of a broad but 

thin and leaf- 

shaped chamber at 

the end of one of 

several entrance ways, as shown by the gallery of X. xylographus 

(fig. 106). In the former the mother beetle constructs several 

branches leading off from the main gallery, and in each of these she 

starts a fungus bed and deposits a cluster of five or six eggs. The 

young of these little broods, hatching at about the same time, keep 

Fig. 105.—Gallery of Xyleborus pubescens in orange. 
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together during their growth, and at maturity undergo their transfor- 

mations to pupa and to the perfect beetle without constructing any 

cell or protective covering, simply extending themselves in single file 

along the gallery in which they found themselves at birth. 

The species which construct a communal brood chamber like that 

shown in fig. 106 (gallery of X. xylographus) likewise form no sepa- 
rate cells or coverings in transforming to pupa, but as in the nests of 

ants, the eggs, larvee, and adults, numbering sometimes several hun- 

dreds of individuals, occupy indiscriminately and without interfer- 

ence with each other the general apartment, upon the walls of which 

fresh crops of the food fungus are constantly propagated for the nour- 

ishment in common of young and old. 

The ambrosia fungi propagated by the various species of Xyleborus 

are always of the stalked forms, bearing single spore cells. A few of 

these fungi have been examined and one of them is illustrated by the 

ambrosia of X. celsus (fig. 101). 

Fic. 106.—Gallery of Xyleborus xylographus. 

The material upon which these fungi are grown consists, as has 

been stated, mainly of the excrement of the beetles or their young, 

mingled with chips of wood which have passed through the intestines 

of the insects and have become stained with a color which is charac- 

teristic in each species. The fungus bed in the species represented 

by the ambrosia of X. celsus (fig. 101) is a deep brown; that of 

the ambrosia of X. xylographus is yellow. The walls of the brood 

chamber covered with the latter often appear to be coated with a 

powder resembling sublimed sulphur. 

In the two groups or genera of ambrosia beetles which we have 

hitherto considered the young live socially with their elders. In the 

larval stage, although deprived of legs, their bodies are provided with 

various devices which enable them to move freely about the galleries. 

Another large series of ambrosia-eating timber beetles pursue an 

entirely different system of rearing their young. The larve are not 

only legless, but destitute as well of any locomotive contrivances, and, 
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like the grubs of bees and wasps, are separately inclosed in cells, 

which they never leave until they become adult. 
In all the ecradle-making ambrosia beetles the sexes are alike. The 

perfect males are winged and accompany the females in their flight. 

One or two males usually assist each female in forming a new colony. 
Their galleries, one of which 

is shown by fig. 107 (galleries 
of Nyloterus retusus), extend 

rather deeply into the wood, 

with the branches mostly in a 

horizontal plane. 

The mother beetle deposits 

her eggs singly in circular pits, 

which she excavates in the gal- 

lery in two opposite series 

one up and one down—parallel 

with the grain of the wood. 

The eggs are loosely packed in 

the pits with chips and mate- 

rial taken from the fungus bed 

which she has previously pre- 

pared in the vicinity and upon 

which the ambrosia has begun 

to grow. 

The young larvee as soon as 

they hatch eat the fungus from 

these chips and eject the refuse 

from theircradle. At first they 

lie curled up in the pit made 

by the mother, but as they grow 

larger, with their own jaws, 

they deepen their cradles, until 

at full growth the latter slightly 
exceed the length of the larva 

when fully extended. The lar- 

ve swallow the wood which they 

excavate, but do not digest it. Fic. 107 —Gallery of Xyloterus retusus in aspen. 

INJURIES CAUSED BY AMBROSIA BEETLES. 

As a rule, populous colonies of these beetles and borings so numer- 

ous and extensive as to inflict serious injuries are found only in trees 

which before the attack began were sick unto death with maladies 

for which the timber beetles are in no wise responsible. The few 

species which enter the sapwood of vigorous trees do not form large 

colonies, and the effect upon the health of the tree is not appreciable. 

One or two species, it is true, have the habit of sapping the life of 

twigs or small branches with an encireling burrow, and a species of 
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Corthylus does considerable injury in this way to young trees and to 

shrubbery in the forests. 

The defects in wood caused by the galleries and the stains left by 

ambrosia beetles probably entail more serious losses than their direct 

attacks upon living trees. 

The majority of the species confine their depredations to the sap- 

wood of recently felled or dying trees. They therefore affect injuri- 

ously the least valuable portion of the wood. On the other hand, 
some of the larger and stronger species are capable of entirely destroy- 

ing for any useful purpose except for fuel the timber of the largest 

trees. Their borings penetrate the heartwood in every direction and 

riddle it with holes. 

Oceasional black holes and stains left by these beetles in the heart- 

wood of timber otherwise sound reduce its grade and its value in the 

market, and render it unfit for use where the full strength of the ma- 

terial is required. 

The damage to timber intended for use as cask headings, staves, 

shingles, and the like, is very serious. Cask makers frequently repair 

the damage, when not too extensive, by closing the holes with wooden 

pins. The holes made by certain species of timber beetles can not 

be plugged, but in most cases, owing to the uniform system followed 

by each species in constructing its galleries, a particular method of 

sawing is capable of reducing the damage to a minimum and of effect- 

ing a very considerable saving of material. 

REMEDIES. 

From what has been said of the nature of the food of these beetles, 

it is evident that any method by which the entrance to their galleries 

in the bark can be closed will effectually put an end to the progress 

of their colonies. Perhaps the best means of accomplishing this is 

by coating the trunks with dendroline or raupenleim. A light brush- 

ing or spraying of the bark with creosote or kerosene will sometimes 

accomplish the same result, especially at the beginning of an attack; 

but this can not be depended upon to permanently protect the trees. 

Valuable fruit trees which have suffered injury from fire or frost 

can not always be protected from attacks of the borers by coating the 

bark, because of the risk of injury to the buds which must be allowed 

to grow upon the trunks. In such cases, if ambrosia beetles enter the 

wood their holes must be plugged. An excellent method is to insert 

an iron wire as far as it will go, cut it off, and leave the piece in the 

hole. The inhabitants of colonies thus imprisoned are unable to 

extend their borings and inevitably perish. 



CARE OF DAIRY UTENSILS. 

By R. A. PEARSON, 

Assistant Chief, Dairy Division, Bureau of Animal Industry, U. S. Department 

of Agriculture. 

CLEANLINESS UNDERLIES ALL SUCCESSFUL WORK IN DAIRYING. 

Makers of first-class butter and cheese and the best dairy farmers 

and milk dealers in general attach the greatest importance to cleanli- 

ness. They know that it is as necessary to have clean utensils in the 

dairy as it is to have clean milk, and that the largest profits are secured 

only when cleanliness is required in every branch of the work. Milk 

may be produced in sanitary stables by well-fed and well-cared-for cows 

and drawn in a cleanly manner. These conditions contribute much 

toward superior dairy products; but the good effects of such care are 

wasted unless it is extended to the utensils. When this fact is fully 

appreciated and proper attention is given to cleaning and caring for 

utensils, the quality of dairy products will be improved. 

A butter maker whose product was described as of very superior 

flavor, being asked the secret process by which such fine butter was 

made, replied, “I have no secret beyond this: I am always very 

particular about keeping thoroughly clean every vessel with which 

the milk and cream come in contact.” This is one of the chief things 

that enable one milk dealer to charge 10 cents a quart while others 

sell for 6 cents, or one butter maker to get 30 cents a pound for his 

butter when others receive but 20 cents. 

It is now well known that changes of milk are dependent upon bac- 

teria, and the rapidity with which germs multiply in milk has been 

frequently referred to in publications of the Department. Bacteria 

are especially numerous in and around a dairy, and they get into the 

milk in many ways. The difficulty is to keep them out; this requires 

the milk to be handled in such a way that no contamination can take 

place. Theoretically, this is easy, but in practice it is impossible. It 

is possible, however, to greatly reduce the sources of contamination, 

one of the most common and inexcusable of which is improperly cleaned 
milk vessels. 

Thousands of bacteria may be concealed in a crevice so small that 

it can hardly be seen, and if these get into the milk they may increase 

more than one thousandfold within twenty-four hours. A little milk 

left under the rim or about the ‘‘ears” of a tin pail harbors a much 

larger number of germs, and their deleterious effect is correspond- 

ingly great. Improperly cleaned churns contain myriads of bacteria, 
431 
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which impart a peculiarly disagreeable flavor to each churning. 

Cheese makers are frequently troubled by tainted milk or floating 

curds, and a poor quality of cheese results. These conditions are often 

accounted for by carelessness in cleaning utensils either on the farm 

or in the factory. Many city milk dealers have had like experiences. 

Their trouble is partly due to failure in cooling milk sufficiently to 

retard bacterial growth, but it is also partly due to not thoroughly 

cleaning the pails and cans. Some milk buyers insert special clauses 

in their contracts with farmers relating to cleanliness. 
The losses from neglect of the matter of cleaning utensils exceed 

those caused by the addition of water or the abstraction of cream. 

Dirt in a solid or sedimentary form can easily be removed from milk, 

but its bad effects can not. Special strainers, filters, or the separator 

will make milk appear clean, but none of them can take out bacteria — 

or the taints caused by them. 

A good water supply is essential to cleanliness. Clear spring water 

or that from a deep well is usually the best. Water from cisterns, 

shallow wells, or streams is sometimes satisfactory, but if it is Hable 

to be contaminated by surface drainage it is not safe. It may contain 

innumerable forms of vegetable life and bacteria, which are capable 

of causing peculiar behavior in the dairy. There is also a chance of 

some disease-producing germs gaining entrance to the dairy through 

impure water. 

SELECTION OF DAIRY UTENSILS. 

In purchasing dairy utensils care should be taken to get those which 

‘an easily be cleaned. Other things being equal, the more accessible 

the inside surface of an article for dairy use the more valuable it is. 

Any having corners or parts which can not be easily reached with 

water and a brush or cloth should be avoided. A vessel should be 

discarded if it has sharp, angular corners, unless they are absolutely 

necessary, for they require too much attention. All dairy utensils 

should be of hard material and have smooth surfaces. Wooden 

pails should never be used for holding milk, as in the surface of 

the wood there are numberless small pores and fissures. Each one 

holds a minute quantity of milk, and when the pail is emptied the 

water of the milk quickly evaporates and leaves a residue in the small 

recesses. It is impossible to perfectly clean these, and this is espe- 

cially true when the small cells connect by little narrow openings 

with others farther back in the wood. 

Metal is the best material for milk vessels, and tinware is com- 

monly used. It pays to have a good quality of tin which will not 

soon wear off, leaving the iron bare. Some other common metals are 

occasionally used, but are objectionable on account of their liability 

to corrode. The joints and rims should be made smooth and the 

cracks entirely filled with solder. Cheap tinware is put together so 
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earelessly that the joints are often rough and uneven, and little pro- 

jecting points of solder make it difficult to move the cleaning cloth 

along the seam. Pails and other circular tin vessels should have but 

one seam on the sides; better ones are made without a seam. 

It is important to keep the outside of utensils clean. In order 

to facilitate the work, the outer surface should be so finished that 

every part can easily be reached by water and cloth. The outside of 

tinware should be finished as smoothly as the inside, and all wood 

apparatus should be carefully finished on the outside, being made. 

smooth and having as few projecting nuts, rods, and braces as possible. 

Glass is sometimes used for holding milk. It was especially recom- 

mended twenty-five years ago because of its ‘‘nonconductivity of 

lightning.” It is very smooth, easily cleaned, imparts no taste to the 
milk, and shows dirt plainly. On the other hand, it is expensive, 

brittle, and heavy, so that its use for larger vessels is limited. The 

same facts apply in the main to glazed earthenware. 

Churns should be made of a close-grained wood which will not im- 

part taste or odor to the butter. Special care should be taken to have 

the openings so large that the work of cleaning can be easily done. 
Milk pumps and all other apparatus through which milk passes 

should be as simply constructed as possible, and in such a way that 

they may be easily taken apart to be cleaned. 

It is not economy to keep old, dilapidated milk vessels, churns, or 

utensils of any kind. Cans and pails with double bottoms or patches 

on the sides, having many dents, and large surfaces of bare iron from 

which the tin has been worn, and churns with sides almost rotten, are 

responsible for much loss. Such articles are not found in the best 

dairies or factories. 
CLEANING. 

Almost any utensil can be cleaned by the persistent use of the 

scrubbing brush, hot water, and salsoda. The labor may be consider- 

ably lightened, however, by observing some of the suggestions which 

follow. Every step in the operation of cleaning is important, and 

it can hardly be said that any one is more so than another; each 

requires strict attention, even to the minutest details. 

Clean promptly.—Fresh milk is easily removed from a surface, but 

if it is allowed to dry on and become sour, or perhaps decayed, hard 

work is required to get it off. Under the best conditions it is difficult 

enough to clean dairy utensils, but when they are allowed to become 

dry before cleaning the labor is greatly increased. If it is impossible 

to fully clean a milk vessel soon after use, it should at least be filled 

with water, and then it can be easily cleaned later. 

Every part of an article that comes in contact with milk should be 
cleaned with a brush or be in plain view when cleaned.—A cream 
separator can not be properly cleansed by running water through it, 

12 A96——28 
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and such an effort is rarely made, but frequently the apparatus is not 

taken wholly apart, as if should be. By means of long-handled or 

very small brushes, every part should be reached, special care being 

taken to use the brush about all seams and joints. Much trouble is 

sometimes experienced with pumps used for milk; they should be 

taken apart to be cleaned every day they are used. The outside of 

utensils should not be neglected. Anyone who cleans glass jars ap- 

preciates this matter. 

Tinware.—Articles made of a good quality of tin and not battered 

or badly worn are easily cleaned. 

Milk should always be rinsed out of vessels before they are sealded. 
If this is not done, the albumen of the milk will be coagulated by the 
heat and adhere to the sides, making its removal difficult. It is im- 

portant, therefore, not to have the first wash water too hot. Cold 

water is sometimes recommended, but this is not necessary, as it may 
be quite warm without changing the condition of the albumen. The 

best practice is to rinse the vessels with cold or warm water, then wash 

in hot water with the aid of some cleaning preparation, then rinse 

carefully and enough to remove all scap, sal soda, or other cleaning 

material, and finally sterilize in a steam chest, exposing them to live 

steam about three minutes. The methods generally used in washing 

milk vessels are very imperfect. The vessels are often carelessly rinsed 

with cold water, then one is filled with hot water and cleaned with a 

cloth, the same water being made to serve for other vessels successively, 

being turned from one to another, and by the time the last is reached 

the water is no longer hot and is decidedly milky. When water is not 

hot, the grease is not removed, but simply smeared over the tin. Two 
wash sinks should be close together, one for the general cleaning and 

the other containing clean hot water in which each article is rinsed as 

soon as it has been washed. Most utensils easily dry after being 

steamed, but if they do not they may be put in a drying room or 

wiped with a clean cloth. They should be placed in pure air, and in 

sunshine if convenient, though this is not necessary if well cleaned 

and thoroughly sterilized. 

Cans and pails for carrying milk should be used for no other pur- 

pose. It is well to have the cans cleaned and sterilized at the factory, 
where there are special facilities for this work. In many cases this 
is done for the patrons free, while in others a small charge is made. 
Milk eans and pails should never be allowed to stand in the stable 

before they are needed there for use. Myriads of bacteria are con- 
stantly floating about in the air of the stable, especially when dust 

is raised by feeding, and milk utensils should not be unnecessarily 
exposed to them. They should be kept in a clean place, with covers 
off, surrounded by pure air, and should always be rinsed with clean 

water just before milking time. 
Milk coolers are apt to be badly neglected, often because they are 
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used in or near the stable and it is not convenient to take them to 

the dairy house or kitchen to be cleaned. So they are simply rinsed 

off with cold water and allowed to remain where they are used. In 

cases where they are cared for in this way their effect on the milk is 

worse than if they were not used at all. 

The heavier metal utensils and their parts are cleaned in the same 

way as tinware. The cleaning of a separator bowl is aided if it has 
been flushed out with warm water instead of skim milk. 

Glass.—The directions for cleaning tinware apply almost equally 
well to articles made of glass, porcelain, and earthenware. In most 

factories and dairies there are few such articles to be cleaned, although 
glass or porcelain may be used for milk-setting vessels, and earthen- 

ware is used for milk or cream receptacles and for butter jars. The 

bottles for the Babcock test are frequently the only glassware; but 

these are sometimes so neglected that accurate results with them are 

impossible. They should be cleaned with hot water immediately after 

use; a few drops of sulphuric acid or strong alkali will usually aid in 

removing matter adhering to the bottoms of the bottles, and their 

necks may be cleaned with a slender brush made for the purpose. A 

great deal of milk is now placed on the market in glass jars. Theseare 

easily cleaned, as dirt on the glass is readily seen. They should be 

allowed to remain in warm water for a short time and then treated 

as above described for tinware. If they have attached tops, special 

care should be given to these and the arrangement for holding them 

on. These are the paris most liable to hold foreign matter. The tem- 

perature of glass must not be changed too suddenly; much breakage 

often results from neglect in this particular. 

Wooden articles.—Churns, butter workers, and other utensils made 
of wood and used for handling butter should have any small particles 

of butter loosely adhering to them removed with cold water immedi- 

ately after use. They may then be scalded with the first wash water if 

no albumen is present, which is usually the case on the butter worker 

and smaller wooden articles and on the churn when the butier has 

been washed in it. Noarticle in the establishment is more liable to be 
slighted in cleaning than the churn. A few revolutions of the churn 

with some boiling water in it and a little of some cleaning material 

should be followed by a rinsing with hot water. It should then be 
carefully inspected, and, if found necessary, again thoroughly cleaned 

and rinsed. The inside of the churn should be kept smooth. For this 
reason rough materials for cleaning are objectionable, as is also the use 
of large pieces of ice for cooling the cream in the churn. 

All wooden utensils should be scalded, or, better, steamed, after 

being washed. This treatment is especially necessary for the churn. 

Hot steam penetrates every corner and joint and gets into the wood 

enough to melt the fat that has been soaked up. It requires little 

time to attach a hose to the buttermilk outlet and steam the churn 
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after washing it. When this is being done, the cover must not be fas- 

tened down, or some damage may result from too great steam pressure. 

Care should be taken not to expose the churn too long to the steam, 

as this might cause it to shrink and allow the joints to loosen; and 

eare should also be taken to loosen the nuts on the binding rods of a 

new churn to allow the wood to swell. After cleaning and sterilizing 

wooden utensils, they should be inverted in a clean place where they 
ean drain and be dried by fresh air. It is well to put them in the sun 
for a short time, but not long enough to crack. 

Before the butter printer, ladles, and other articles made from wood 

are used they should be soaked in hot water and rinsed in cold water. 
The wood is caused to swell by the first treatment, thus closing the 

pores, and the surface is chilled by the cold water so that the butter 

fat coming in contact with it is made hard and does not stick to it. 

Iron.—The scales, testing machine, pumps, separator frame, and 

other similar articles should be regularly cleaned. Hot water and a 

brush are usually sufficient to keep these in good condition. After 

they have been cleaned, they should be wiped dry with cloths or waste. 

A coat of black asphalt varnish on iron from which the paint or var- 

nish has been worn prevents rusting, improves the appearance, and 

lightens the labor of cleaning. 

Cloths, sponges, and rubber rings should be thoroughly rinsed in 

warm water and then cleaned in hot water and sealded in boiling 

water or steamed. 

' The cleaning of dairy utensils is aided by the use of mechanical 

appliances and some materials which are added to the water. These 

are discussed below. 
APPLIANCES FOR CLEANING, 

Many patent mechanical devices for cleaning dairy utensils have 

been put on the market, but their general adoption is slow. Bottle- 

washing machines, consisting of rapidly revolving brushes, are in 

operation in some large milk-shipping stations, while in others all the 

eleaning is done by hand. An arrangement that has been recom- 

mended for cleaning bottles consists of a piece of rubber hose split into 

fingers and rapidly revolved in the bottle. Where much cleaning of 

cans has to be done, large revolving cylinders covered with brushes are 

sometimes used. Light power is required for these brush machines. 

Hand or foot power is sometimes used, steam and small electric motors 

are frequently employed, and water power is successfully applied. 

Patent appliances are advertised for cleaning some dairy machinery 
without taking it apart. It is doubtless a saving of time and labor 

to use such aids, but they can not be depended upon for perfect work. 

A stiff brush is one of the best cleaners known. Brushes are made 

in all shapes and sizes—very small ones for cleaning the necks of 
test bottles; long, slender ones with flexible handles for cleaning 

straight or curved tubes; round brushes on the end of a stick or 
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wire handle about 10 inches long for bottles; various-shaped flat 

ones, similar to the ordinary scrubbing brush, for large surfaces, and 

brushes of roots or tough twigs for rough surfaces and hard scrub- 

bing. The ordinary brush with an extended handle is convenient for 

cleaning cans, as it makes it unnecessary to put the hand into the 

water, which may be used very hot. 

A coarse cloth answers the purpose of a brush, but special care 

must be taken to clean it after use. A sponge should not be used in 

the dairy, as few persons will take the time necessary to keep it clean. 

Every factory and creamery should include in its equipment suita- 

ble wash sinks and a steam tank. Two wash sinks are usual, ora 

long one divided into two parts—one for washing and the other for 

rinsing. They are in the form of a wooden box, standing high enough 
for convenience in use, and sometimes lined with tin or galvanized 

iron. A shelf may be attached to one end, inclined toward the sink, 

for use in draining the utensils. Each sink should be large enough 

to hold a 10-gallon milk can and so deep that 8 or 10 inches of water 

will not easily splash over the sides. It should be connected with the 

drain so that water will not run over the floor, as it does in many 

factories. The sinks should be connected by pipes with the water 

supply in order that cold water can be had at will, and if steam is 

available it should be brought direct from the boiler to the sinks; 

thus water can be quickly and easily heated.. Steam admitted directly 

into the water from the end of a pipe makes a loud noise, but this 

ean be avoided by an attachment to the end of the pipe which diffuses 

the steam and renders it noiseless. When water is used for steriliz- 

ing, it must be kept very hot, and some provision should be made to 

constantly maintain the proper temperature. This is easily done by 

injecting steam into the water, but if steam is not available a special 

heater may be used, so arranged that hot water from the boiler is 

continually entering the sinks, fresh water being supplied to the 

boiler, and an overflow placed in the sink to carry off as much as is 

added, or the water is caused to flow from the sink to the boiler, 

where it is reheated and returned. In some cases the water is kept 

hot by being used while it is over the stove. Each of these latter 

methods is objectionable on account of the loss of heat, or of the 

return of dirty water to the boiler, or of its inconvenience, and steam 

is much preferred. 

The direct use of steam for sterilizing is very common. In many 

factories and dairy houses there is, adjoining the wash sink, a table, 

in the center of which is a steam jet, and when cans are washed they 

are inverted over this jet and steamed for a few moments. This 

method of steaming answers the purpose fairly well in certain cases, 

as when a large number of cans are washed and a special room is pro- 

vided for the purpose, or the steam jet is under a hood which conducts 

the escaped steam to a pipe leading out of the building. Special care 



438 YEARBOOK OF THE U. 8S. DEPARTMENT OF AGRICULTURE. 

should be taken to make the exposure long enough, but one using 

this system is liable to make the time too short. Another objection 

to it is that the steam dees not come in direct contact with the outside 

as well as the inside of the cans. More perfect work is accomplished 

by a steam chest, in which the smaller utensils, such as cans, pails, 
dippers, glass jars, etc., may be placed and entirely surrounded with 

steam as long as desired. A galvanized iron chest from 3 to 5 feet 

each dimension is large enough to hold the utensils, except vats and 

machinery, ordinarily used in a creamery or cheese factory. When 

many cans are to be cleaned, the chest should be large enough to 

hold a dozen or more ata time. All joints must be made as close as 

possible. The doors should be large, so that articles may be easily 

put into or removed from the chest. At the top of the steamer there 
should be an escape pipe 2 or 3 inches in diameter and passing out 

of dcors. The flow of steam through this may be controlled by a 

valve, and each time the steam is turned off a few moments should 

be given to allow most of it to escape from the chest through this 
large pipe before the door is opened. If this is not done, the operator 

may be severely scalded by opening the door while the steam is still 

under pressure. Steam should be admitted at the bottom, and the 

bottom should have enough incline to cause all water formed by 
condensation to run off through a trapped pipe leading to a drain. 

About 6 inches above the bottom a movable false bottom of strong 

wire netting or iron framework may be placed, on which the articles 

are put in an inverted position. If more room is required and the 

articles are small, shelves similar to the movable bottom may be used. 

Several different materials are employed for constructing steam 

chests. Wood gives good satisfaction when the chest is used often. 

It should be firmly bound to prevent bad results from warping. Gal- 

vanized iron is a common material, and copper is sometimes used. If 
a metal is used, the door should be double to make it rigid. 

A convenient method of steaming utensils on a large scale is to 

have, instead cf a tank, a steam closet, the floor of which is on a level 

with the main floor of the building. A light truck with skeleton 
bottom and sides may be loaded with articles from the wash tanks 

and quickly rolled into the closet, steamed, and the utensils taken to 

their proper places with very little handling. Such a saying of work 

amounts to a great deal in a large factory. 

Steaming is often omitted for the want of a suitable chest or closet. 

f no better method is available, an ordinary wooden box with a 

tight-fitting cover may be easily and cheaply arranged. 
Every dairy utensil should be frequently sterilized, and nothing is 

better for this purpose than superheated steam direct from the boiler. 

Not an ineonsiderable amount of steam is needed for this purpose 

and for heating water and, when necessary, the building, and these 

facts should be borne in mind when a boiler is purchased, care being 
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taken to have its capacity greater than required by the engine, so 

that steam can be taken at any time for these other purposes. But, 

if desired, small boilers may be obtained for furnishing steam for 

heating water and sterilizing only, their cost being $25 or upward, 

according to size. Such a boiler is especially recommended for any 

factory or large dairy not already equipped with steam. 

MATERIALS FOR CLEANING, 

Sal soda, known as washing or laundry soda, is widely used for elean- 

ing dairy utensils and is one of the best and cheapest cleaning agents 

known. It may be safely used in the dairy, as it is neither poisonous 

nor corrosive. The proportion of sal soda to water for cleaning pur- 

poses is small, and can be quickly learned by experience. The sub- 

stance is objected to by some people because it blackens tin, but this 

does not occur unless too much is used and the utensils are not well 
rinsed after its use. 

The value of various alkalies for cleaning has long been known. 

Our grandmothers knew that wood-ash lye, or soft soap made from 

strong lye, was an effective agent in cleaning a bad-smelling milk can 

or churn, and lye (generally in the commercial form, concentrated, in 

cans) is now sometimes used in creameries, especially in hot weather, 

for the same purpose. The objection to such a strong alkali as lye 

(caustic soda or caustic potash) is its effect on animal tissues, which 

it readily dissolves, or ‘‘eats,” causing the skin of the hand to cor- 

rode and crack. It will also dissolve the sap and resin in the sides 

of a churn and cause the wood to splinter. Soda lye is cheaper than 

potash lye, and is the form of strong alkali commonly used. 

Numerous preparations in the form of soaps and soap powders are 
made for use in dairies and factories. They are usually a strongly 

alkaline soap ground into small bits, ora mixture of powdered soap and 

sodium carbonate (sal soda). Oils and sodium carbonate are the chief 
materials used in the manufacture of these cleansers. Mineral matter 

is sometimes employed for adulteration. It is claimed that cheap 

fats and resin are not much used. Special cleansers cost three or four 

times as much as plain sal soda, but many operators prefer them be- 

cause of their convenient form for use and their greater cleansing 
power, reasons for this being the large amount of water held by the 
soda and its slowness in going into solution. Another reason is un- 

doubtedly the greater cost of the preparations, which leads to more 

care in their use, and hence better results. Sal soda is excellent for 

removing fat or grease, but soap may be better with other forms of dirt. 

The ordinary laundry soaps are made with cheap fats, and contain 

much resin and frequently an excess of alkali. They aro quite liable 

to adhere to the utensils sufficiently to impart a disagreeable taste and 

odor to the milk. If low-grade materials were used for the powders, 

they would be as objectionable as cheap soap. 
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Dairy utensils frequently become dull and require to be scoured. 

One of the commonest materials used for scouring is salt; it is cheap, 

does good work, leaves no bad flavor, and it should be used even more 

than itis. Sandis sometimes used, but it must be very fine or it will 

seratch the utensils. Some soaps have fine sand mixed with them, 
making an excellent combination for scouring. 

STERILIZATION. 

About a century ago it was thought that milk vessels were cleaned 

to free them from acid, and one of the old dairy writers (Cramp, 1809) 
advised boiling the pans from two to three hours to remove the acid 

and thus prevent the butter from being ‘‘hot and bitter ” Such treat- 

ment doubtless gave the desired results, because it not only removed 

any acid that might be present, but it removed the cause of the acid, 

which was bacteria. 
By sterilization of a utensil is meant the destruction of the life of 

all germs which may be on its outer or inner surface. The object 

of sterilization usually is to kill the bacteria that cause milk to sour 

(lactic acid bacteria), and which may not be removed in the ordinary 

washing. But sterilization of utensils is very important for other rea- 

sons; it destroys germs causing other than the lactic acid fermenta- 

tions and those causing peculiar changes in milk, as well as pathogenic 

or disease-producing germs. The temperature of the wash water gen- 

erally used is not high enough to kill bacteria, and many of them 

remain on the article after it has passed through the water, ready to 

plant themselves in the next milk with which they come in contact. 

It has been shown that when all these are destroyed the number of 

bacteria in milk is very much lessened. For this reason sterilized 

vessels are recommended instead of unsterilized ones cleaned in the 

usual way. Experiments conducted in the Department of Agricul- 

ture prove that milk in well-cleaned vessels may keep sweet twenty- 

four hours longer than that in worn tin cans, washed as thoroughly as 

is done in many dairies, but not sterilized. 

In practical work, articles are not rendered absolutely sterile. This 

would require a long exposure to steam under pressure and neces- 

sitate an especially strong chest. The methods generally followed are 

referred to elsewhere in this article. Care should be taken to make 

the exposure long enough to kill all active germs that may be present. 

Different species of bacteria are killed at different temperatures; some 

species have great powers of resistance, and spores usually withstand 

a high temperature. It is fortunate that a comparatively low tem- 

perature is fatal to most of the growing forms and to pathogenic 

bacteria. The lower the temperature to which bacteria are exposed, 
the longer must be the exposure. The temperature of steam under 

a pressure of 20 pounds or more, as it is in the boiler, is above that 

of boiling water, and if steam under this pressure is conducted to 
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‘a small chest and there is little condensation, a usually safe rule is 

to allow the steam to enter for three minutes. In some cases, where 

every precaution against contamination is taken, the time is extended 

to fifteen or twenty minutes. Often there is little pressure and much 

condensation in the chest, especially in one made of tin or galvan- 

ized iron and situated in a cold room; in such case the exposure 

should be long. 

Another advantage of steaming utensils is that they are heated so 

hot that they dry quickly and more perfectly than when wiped, and 

this tiresome work is avoided. 

Hot water is used for sterilizing in some dairies and factories, and 

is efficient so long as it is kept at the boiling temperature, but with- 

out a thermometer one may be easily deceived and think that water 

is boiling hot when it is far fromit. Few persons can work in water at 

130° F., and it is considered very hot at 150° F. A little rinsing water 

at this temperature may be of use to remove wash water, but it does 

little in the way of killing germs which have escaped the brush. 

Few persons can tell when water is near 212° F., and it is doubtful if 

it is often above 200° F. when used for scalding. Steaming water is 

not necessarily hot; cold water may ‘‘steam” under certain condi- 

tions. Different methods of heating water have been referred to in 

this article. 

Germs are killed much more easily when in a moist medium than 

when they are dry. For this reason a higher degree of temperature 

is required when hot air is used for sterilizing than when steam is 

used. In hot air a temperature of over 300° F. and an exposure of 

at least an hour is necessary to complete sterilization. A chest for 

hot-air sterilizing is more expensive than the same for steam, and it 

requires more heat, meaning extra expense and much discomfort in 

warm weather. For these reasons hot-air sterilization of dairy 

utensils is rarely practiced. 

The use of chemical disinfectants for sterilizing dairy utensils is 

out of the question, as they are solid materials or fluids or gases 

having objectionable properties and are frequently poisonous. 

BUILDINGS. 

A subject so close to the one discussed above that it is difficult to 

separate them is the cleanliness of buildings in which dairy opera- 
tions are conducted. Clean churns, cheese vats, cans, strainers, dip- 

pers, brushes, and cloths are not usually found in dirty factories or 

dairies. Some factories reek with filth, but fortunately the number 

of these is very limited and their output small. Their disagreeable 
odor, caused by decaying milk, rotting wood, foul drains, molds, and 

general filth, can not be gotten rid of by scrubbing and a coat of paint 

or whitewash. Usually the only satisfactory way to deal with such 

places is to burn them. 
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When a building is to be constructed for creamery purposes, an 

elevated, well-drained location, or one that will always be dry, should 

be selected, and the best possible drainage must be provided; if this 

is not done, a clean factory is out of the question. If the matter of 

drainage is negleeted, a sour, musty odor will soon penetrate the 

entire building and make the manufacture of finely flavored products 

an impossibility. No bad smell should be tolerated inside of or about 

a creamery building, and the building should be situated where no 

pronouneed odor can reach it, whether from stables, manufacturing 

plants, or natural causes. It is not the purpose here to say how a 

building should be planned, but it may be stated that convenience 

and comfort conduee to cleanliness. There should be plenty of room 

and places for everything, care being taken to have shelves or hooks 

or drawers for the small utensils. Ventilation is essential to good air, 

and provision should be made whereby the air may be changed as 

often as necessary. 

A room in which dairy operations are conducted should be used for 

no other purpose. Cream is frequently ripened and butter made in 

a pantry or where cooking is taking place or in a foul-smelling cellar, 

and it is not understood why the flavor and keeping qualities are bad. 

Dairy producis absorb odors from the atmosphere very readily, and if 

eream or butter is exposed to the air of a close larder where various 

kinds of food are kept, or to the kitchen or laundry air which smells 

strongly of steaming vegetables, suds, or smoke, or the musty air of a 

cellar, an unpleasant flavor in the butter may be expected. 

As long as an article is kept dry, the development of bacteria is 

restricted, but as soon as it becomes damp one of the necessary con- 

ditions for growth is provided, dampness being to them as essential 

as warmth. Itis important, therefore, to keep the factory and dairy 

dry. An excess of water is almost as bad as a deficiency; constant 

splashing makes the floor wet and sloppy. When it is possible, the 

wash sinks and steam chest should be in a room separated from the 

main working room of the building. Dryness is also promoted by 

good ventilation. Cracks in which dirt has accumulated contain an 

incredible number of bacteria of many species, and when this dirt is 

moist they multiply with the greatest rapidity. When a building is 

constructed, care should be taken to avoid cracks, corners, and crevices. 

Cement is generally recommended as the best material for the floor, 
and when it is on a good foundation (so that it will not crack) and its 

surface is smooth thorough satisfaction is given. Flagstones are not 

uncommon. When they are used, the joints should be filled with 

cement. ‘Tile floors and walls are found in a few dairies, but are not 

extensively used on account of their high cost. Walls are occasion- 

ally constructed of hollow brick or tile, which aid in keeping out the 
heat. Table tops and shelves are sometimes made of slate or marble, 

either of which is very good so long as it dces not crack. Light is 
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almost essential to cleanliness; sunlight is a good disinfectant and at 

times it should be allowed to pour into the building and shine unre- 

stricted on the utensils. A building should be so well lighted that dirt 

in any part can be readily seen; a dark corner is not likely to be as 

well cleaned as a light one. It is a great mistake to cover the inside 

of a building with dark paint, so that fly specks and other dirt wiil not 

show. On the contrary, light-colored paint should be used, not only 

for better general effect, but with the object of making all uncleanliness 

plainly seen. 

In the care of a building the work may be greatly lightened by 

giving attention to some small matters too often entirely overlooked. 

Many factories are surrounded with ashes, cinders, or mud, sticky at 

times, and everyone entering carries in some of this dirt. A few loads 
of gravel outside of each door or, better, a flag or board walk, would 

reduce this nuisance. : Persons wearing dirty work clothes should not 

be admitted. Farm hands frequently have full liberty to go where 

they please in the creamery or factory, and they carry legions of bac- 
teria to places which should be kept scrupulously clean. On dairy 

farms the necessity of stable employees entering the dairy house to 

deliver the milk may be avoided by the use of a conduit which passes 

through a sleeve in the wall. This has a receiver on the outer end 

into which the milk is poured and conducts it to a cooler or milk vat 

within. Some of the black dirt can be avoided by occasionally sprin- 

kling the pile of coal from which dust rises each time it is stirred. 
And if the water supply is abundant it is well to sprinkle the road 

near the building, both to settle the dust and to cool the air. Screens 
on the doors and windows will contribute a great deal toward cleanli- 

ness by shutting out flies and other insects. 

The building should be cleaned regularly, special care being taken 

to remove from the walls spots of mold and any dirt that may contain 

colonies of bacteria. As much care should be taken to keep the floor 

dry as is used in the kitchen, where, if cleaning is needed in a certain 

place, a little water is used and immediately wiped up. The floor 

should be thoroughly cleaned daily after the work is completed, first 

scrubbed with warm water and then scalded to partly sterilize it and 

to make it dry quickly. If it is uneven, the water should be removed, 

else little pools remain and keep the place damp until they have evap- 

orated. A convenient instrument for removing the water is a mop 

made by attaching a strip of rubber to a piece of wood 4 inches wide 
and 18 inches long, so that the rubber projects about an inch beyond 

the side; at the center of the wood a handle is inserted. With this 

appliance almost all the water can be removed from a flat surface. 

The wash sinks and vats should be connected with the drain. This 

prevents unnecessary slopping and also makes it possible to flush the 

drain frequently. If this flushing with water, which is occasionally 

boiled before use, does not keep it clean, copperas should be placed 
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in the drain as a disinfectant. Tanks of cold water are frequently 

used for storing milk and cream. The water should be changed often 

enough to prevent it from becoming foul from milk or from dirt from 

the outsides of the cans. 3 

One of the greatest nuisances about many factories is the skim-milk, 

or whey, tank. It would not be necessary to remove this several rods 

to avoid its stench if it were properly cared for. Some tanks are not 

cleaned during the entire summer, some are cleaned once a week, 

while some careful operators clean their tanks daily. The tank 

should be easily accessible, and care should be taken to have the 

by-product which it contains exhausted each day in order that the 

tank may be thoroughly cleaned. If this is impracticable, two tanks 

may be employed, the larger one to be drained into the smaller after 

most of its contents have been taken away by the patrons; it may 

then be cleaned, and the smaller one should be cleaned as soon as pos- 

sible after it is emptied the following day. In a creamery, one tank 

may be used for sweet skim milk and another for buttermilk, and 

these may be cleaned on alternate days, anything remaining in the 

one to be cleaned being run into the other. The sweet skim milk is 

always put into the clean tank. If the cans in which milk is deliv- 

ered must be used for returning the by-product, the latter plan is by 

far the better, because it avoids the necessity of putting a very sour 

fluid into vessels which should be kept sweet. The agents usually 

employed in cleaning these tanks are a brush, scalding water, and 

washing soda, or lye. They should first be rinsed and partially 

cleaned with warm water. 

Floors, ceilings, walls, utensils, and operators are usually alike, so 

far as cleanliness is concerned. Butter and cheese makers should have 

pride in their own appearance; they should be clean and neat. Wash- 

able white cloth is the best material for dairy work clothes, which 

should be changed often. When all the work of a factory, including 

the care of the fires, is performed by one individual, it is almost impos- 

sible to keep clothes clean. It may be done, however, and will be 
found much easier, if a little time is given each day to keeping the 

boiler room clean. It is important to have clean hands. In some 

factories where food materials are prepared the employees’ hands are 

examined by the superintendent before they are allowed to go to work. 

Operators should be more careful in handling milk and its products, 

and should not have the habit of dipping the fingers or hand into 

milk, cream, or butter when not necessary. No person who has been 

working in a stable, barn, or field should work in the dairy or factory 

until he has washed, and changed his clothes. Rubber boots are 

objectionable in creameries and are needless if the floor is kept prop- 

erly dry. Basins, good soap, and clean towels should always be 

available in every creamery; the presence of these things suggests 

their use. 



SOME STANDARD VARIETIES OF CHICKENS. 

By GEORGE HE. Howarb, 

Secretary of National Poultry and Pigeon Association. 

{The term ‘‘ poultry,” as used in this article, does not include ducks, geese, or 

turkeys, but is restricted to what, for want of a more specific designation, is com- 

monly known as the barnyard fowl, orcommonchicken. Of these, thereare, accord- 

ing to the writer of the article, 87 standard and a large number of promiscuous 

varieties raised in this country. Only a few of the most important are treated of 
in this article. ] 

PLYMOUTH ROCKS. 

The Plymouth Rock is the most popular of all varieties of poultry 

as a general-purpose fowl. Its medium size, hardy growth, and good 

laying qualities make it a practical fowl for the farm. The Barred 

variety is the most generally known of the Plymouth Rocks, and its 

history dates back a little over a quarter of a century. Various 

bloods were used in its making, the belief being general that it 

originally came from a cross between the American Dominique and 

the Black Java. It has also been shown that the light Brahma, Dark 

Brahma, and Pit Game have been used in its making. 

The Barred Plymouth Rock (fig. 108) is of a grayish-white color, regu- 

larly crossed with parallel bars of blue-black running in straight, dis- 

tinct lines throughout the entire length of the feather, and showing on 

the down or undercolor of the feathers. The barring is somewhat 

smaller on the hackle and saddle feathers than on other portions of 

the body. The bird is of medium size, with broad neck, flat at the 

shoulders, the breast is full, and the body broad and compact; medium- 

sized wings, that fold gracefully, the points being well covered with 

breast and saddle feathers; a medium-sized head, ornamented with 

upright, bright-red comb and wattles, a large, bright eye, and yellow 

beak, legs, and toes, place the picture before us in its entirety. The 

difference between the Barred and the Pea-comb Barred is that the 

latter has a small, firm, and even pea comb, instead of single comb. 

With the farmer or market poultryman these birds are favorites, 

being of medium size, well proportioned, with a deep, full breast, and 

thus admirably adapted for market purposes. They are hardy, mature 

early, and make excellent broilers when from eight to twelve weeks 

old. They are good layers the year round, and in winter they lay 

1From ‘‘Standard Varieties of Chickens,” by George E. Howard. Farmers’ 
Bulletin No. 51, Bureau of Animal Industry, U. S. Department of Agriculture, 

1897. 
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exceptionally well. Their eggs are brown in color and average eight 
toa pound. They are good sitters and excellent mothers. 

The Barred Plymouth Rock, besides being a practical fowl, is also 

one of the mosf sought after by fanciers. No class is better filled at 

the average poultry show of the country thanisthis. Their graceful 
figure, upright carriage, and active natures endear them to all as a 

fancier’sfowl. There is a fascination in breeding them for plumage, 

the more regular and even their barring the better. It requires much 

skill to breed them for color, and two matings are generally used for 

breeding. A rule is established in mating for cockerels to use a 

standard-color male with medium-dark females, and for pullets to 
use light male and dark females. The double mating is resorted 

to by many, yet the writer has seen rare specimens produced from 

single matings. 

The characteristics of the Barred Plymouth Rock, excepting that 

of color, are noticeable in the other varieties of Plymouth Rock. 

The size, shape, general outlines, and qualities are the same in the other 

varieties as in the Barred. The White Plymouth Rock is pure white 
in plumage throughout, and the buff variety is a clear buff, uniform in 

shade except the tail, which is deep buff or copperish-yellow brown. 

The buff color should extend to the undercolor as much as possible; 
the deeper the better. 

The standard weight of cocks is 9} pounds; hens, 74 pounds; cock- 

erels, 8 pounds, and pullets, 6} pounds. 

WYANDOTTES. 

The Wyandotte (fig. 109) is another of the general-purpose fowls, 
and is rated next to the Plymouth Rock. From the first it sprang 
into popular favor and has continued so to the present time. Its 
origin is comparatively recent, dating back less than twenty-five years. 

It came originally from the Dark Brahma, the Silver-spangled Ham- 

burg, and the Breda, a French fowl. Not a few authorities say that. 

Wyandottes have Cochin blood in them, from the facet that their 
ancestors produced single combs and feathered legs. 

For general purposes the Wyandotte has proved a success, being of 
medium size, weighing on an average a pound less than the Plymouth 
Rock fowl, hardy of constitution, and a prolific layer. It is easily 
cared for and bears confinement well. For table purposes, it is of 

superior worth; its flesh is sweet, juicy, and tender, excellent for 

broiling and roasting. As a layer it is among the best, averaging 

from twelve to fourteen dozen eggs a year, and as a winter layer it does 
well under ordinary circumstances. 

There are five varieties of the Wyandotte breed, and it is entirely 
a matter of opinion as to which is the best. The general character- 
istics are the same in them all, the difference in color of plumage being 
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the only distinguishing mark. The Silver-laced Wyandotte is of a 

silvery-white plumage, with regularly-marked white lacing on breast 

and a generous distribution of white and black throughout the entire 

body. The cock has a silver-white head, rose comb, silver hackle, 

with a black stripe down the center of each feather; silvery-white 

back; saddle same as hackle; breast black, with white center; tail 

black; wings half black and half white, or, rather, black edged with 

white; when wing is folded there should be a well-defined bar across 

the wing; shanks and toes rich yellow, free from feathering.‘ The 

hen of the Silver-laced variety (fig.110) is marked similarly to the 

male, excepting the back and wing, which are whiter in male than in 

female. The breast of the female is of much importance in breeding 

good birds; the lacing should be large and distinct, and the white 

eenters of each feather free from black or brown penciling. 

The Golden Wyandotte is marked like the Silver, excepting that 

the color is golden-bay and black instead of white and black. The 

White variety is, perhaps, the favorite of the Wyandotte class, from 

the fact that it is not so difficult to breed to feather, the plumage being 

pure white throughout. It is for this reason the more practical fowl 

for the farmer, or those who raise poultry for market. The Buff 

Wyandotte is in color a rich, deep, clear buff, uniform in shade 

throughout, except the tail, which is of a deeper buff or copperish- 

bronze color. The Blacks are of a rich, glossy black, with greenish 

sheen, excepting breast primaries, secondaries, tail and fluff, which 

are pure black. 

The standard weight of cocks is 8} pounds; hens, 64 pounds; cock- 

erels, 74 pounds, and pullets, 54 pounds. 

DOMINIQUES. 

Similarity in plumage of the American Dominique and the Barred 

Plymouth Rock has been the cause of the former’s popularity. Its 

color is grayish-white, each feather regularly crossed with parallel 

bars of blue-black, producing the effect of a bluish-tinged plumage, 

the color being the same throughout. It has a rose comb, in both 

male and female, and bright yellow legs. Those who are partial to 

he color of its plumage will find the Dominique a good bird to keep. 

It is a good layer, is hardy, matures early, and dresses well for the 
table. 

The standard weight of cocks is 8} pounds; hens, 64 pounds; cock- 

erels, 74 pounds, and pullets, 54 pounds. 

JAVAS. 

This variety is the oldest of the American class, and at one time 

was considered the most profitable of all breeds. At present it is 

not raised extensively, the more modern or newer breeds having 

seemingly supplanted it. There is no reason why this should be so, 
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as it is a practical and good general-purpose fowl. In size it is about 
like the Plymouth Rocks, but differs in general symmetry and appear- 

ance. It is a good layer and does well in winter, and for table pur- 
poses it makes nice eating. Javas mature early, are good sitters and 
mothers, and are easily kept in confinement. 

There are three varieties of Javas: Black, Mottled, and White. 

The Black (fig. 111) is more generally seen than the others, though 

the Mottled has of late years been very numerously represented at the 

shows. The plumage of the Blacks is glossy black throughout; the 

Mottled (fig. 112) is of broken black and white in wings, tail, and 
sickles, and the remainder of the plumage is evenly intermixed with 

white and black; the White Java is, as the name implies, pure white 

throughout. It has a small single comb, standing upright on the 

head in both male and female. The shanks and toes are free from 

feathers, yellow in color, with the bottom of feet yellow. 

The standard weight of cocks is 94 pounds; hens, 74 pounds; cock- 

erels, 8 pounds, and pullets, 63 pounds. 

BRAHMAS. 

The leading variety of the Asiatic class is the Light Brahma (fig. 113). 

This fowl has a history that would fill pages were it recorded. It 

is the fowl which caused the ‘‘hen fever” of the fifties, about which 

so much has been written in later years. Its early history is a mat- 

ter of controversy, the best authorities differing as to its origin. 

Brahmas were first known as ‘‘Brahma Pootras,” ‘‘Gray Shang- 

hais,” ‘‘Chittagongs,” ‘‘Cochin Chinas,” and what not. The early 

breeder named them according to his faney for high sounding and 

sensational names to sell his stock. Fabulous prices were paid for 

them when the craze for fine poultry was at its height in the early 

days of the last half of the present century. The standard of the 

present Brahma fowl was fixed in 1869, and no deviation from the 

type then adopted has been made. It has stood high in popular 

favor since then without abatement; the vast number of breeders who 

are raising it fully attest its worth as a practical bird to the industry. 

The Brahma is a characteristic fowl; it is unlike other varieties, and 

it should not be confounded in shape with the Cochin. 

The average Light Brahma male is in height 26 inches; back from 

the ground, 16 inches; keel from the ground, 8 inches; length of body, 

front of breast to rear of fluff, 14 inches; height of tail, a trifle over 21 

inches; saddle hangers to rear of fluff, 24 inches; from eye to tip of 

beak, 24 inches; length of head and beak, 34 inches; breasts to rear of a 

drop line from point of beak, three-fourths to 1}inches. As specimens 

depart from this proportion they become awkward and valueless as 

exhibition stock, and often also as egg producers. In shape, oblong, 

with full, broad, and round breast, carried well forward. The fullness 

and oblong shape is typical of the Brahma and is characteristic of 
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prolific birds. The curves of the neck and back are similar to those 

of an egg. 

In plumage the male is pure white, excepting hackle, tail, and flights, 

which are black, and white striped with black. Any other color but 

white and black is against the standard-bred bird. The hackle is white, 

with a black stripe extending down the center of each feather and 

tapering to a point near the extremity. The tail feathers are black, 

and sickles are glossy greenish-black. The shanks are well feathered, 

with the feathering extending down the middle toe; the toe feather- 

ing may be white or white sprinkled with black, pure white preferred. 

A small pea comb, broad crown, projects over the eyes; bright-red 
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F1qa. 108.—Pair of Barred Plymouth Rocks. 

face, wattles, and ear lobes being essential to a good head. The shanks 

and toes are bright yellow. 

The Brahma female is much like the male in head qualities, having 

broad comb, projecting well over the eyes, and small pea comb. The 

head of the female should be masculine in appearance, indicating 

great will power. The head is white; hackle, white, striped with black, 

as in male; cape, white and black, but is completely covered by 

hackle when the bird stands erect; tail, black, excepting the two high- 

est main tail feathers, which may be edged with white; tail coverts, one 

or more rows, distinctly covering a part of both sides of the main tail, 

two being preferable, are black, edged with white. 

The Light Brahmas are valuable birds for the farm. They have 

1 A96—— 29 
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always been made to pay for their keep and have seldom been set aside 

by any who have bred them. They are the largest of domestic poultry 

and do as well in confinement in small runs as on free range. As 

layers they will average from twelve to thirteen dozen eggs a year, and 

lay exceptionally well in winter. Their eggs are large, about seven to 

a pound, of a rich brown color and excellent flavor. For table purposes 

Fig. 109.—Silver-laced Wyandotte cockerel 

the birds are good ; they do not mature as early as do the varieties of 

the American class, yet they are hardy, and can be raised with as 

much ease as any of the earlier-maturing varieties. As sitters and 

mothers they are fair. 

The Dark Brahmas are not so popular as the Light, the difficulty 
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being in breeding them true to feather. Their delicately-marked 
plumage is extremely pretty when bred to standard requirements, but 

if not so bred it becomes most disagreeable and unsatisfactory to the 

breeder. The head and neck of a Dark Brahma male are similar to 

those of the Light, the head being white and the hackle rather more 

striped. The back is nearly white, a little black appearing here and 

there. The black should predominate between the shoulders, but is 

nearly hidden by the hackle flowing over it. The saddle feathers are, 

‘like the hackle, silvery-white, striped with black, which should be 

distinet. As the feathers approach the tail the stripes become broader 

till they merge into the tail coverts, which are rich, glossy green-black, 

with a margin or lacing of white. The tail is pure black, with green 

gloss. The wing coverts are black, forming a distinct black bar across 

the middle of the wings, while the ends of the secondaries have a large 

black spot on them, mak- 

ing the top edges of the wing 

appear almost black. The 

remainder of the second- 

aries are white on the lower 

half and black on the upper. 
. = = 3S _i : 

The flights are all black, EEE a 
. o, CG 

except a narrow fringe of 7 Von be en 
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white on the lower edge. 

The breast is black; the 

thighs and fluff either black, 

or black, very slightly mot- 

tled with white. Theshank 

feathering should corres- 

pond with the breast, being 

black if the latter be black, 

and slightly mottled with 

white if not. The shanks ae 

are deep yellow, inclining Fig. 110.—Silver-laced Wyandotte pullet. 

to orange. 

The color of females is a white ground, closely penciled with dark 

steel-gray, producing a beautiful effect, frosted orsilver-gray in appear- 

ance. ‘There should be no show of pure white in the plumage except 

inthe margins of the hackles. Unless extreme care be taken in mating, 

the hens are likely to have a dingy color, and the pullets are apt to 

have necks almost white for some distance down. These light-necked 

birds generally breed to worse, but the evil may be remedied by choos- 

ing birds for breeding whose heads are distinctly marked. The shape 

and character of the markings of the Dark Brahma pullets also vary. 

They should be medium sized, so that the pencilings can be clearly dis- 

cerned at a short distance. A great point in regard to color and mark- 

ing in Brahma pullets is that they should be uniform over the body, and 
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the hackles should be silvery-white, heavily striped with rich black, 

and the shank feathering penciled same as body. 

For practical purposes, the Dark Brahmas are not to be commended 

as highly as the Light. The close breeding for points in feathers is 

likely to interfere with their productiveness, yet with proper atten- 

tion and care they can be bred profitably as well as for beauty. 

FG. 111.—Pair of Black Javas. 

The standard weight of Light Brahma cocks is 12 pounds; hens, 93 

pounds; cockerels, 10 pounds, and pullets, 8 pounds. The standard 

weight of Dark Brahina cocks is 11 pounds; hens, 83 pounds; cock- 

erels, 9 pounds, and pullets, 7 pounds. ; 

COCHINS. 

The four varieties of Cochins are very 

popular with breeders. They are second 

tothe Brahmas in the meat breeds, weigh- 

ing but a pound lighter than the Light 

Brahma. Old and experienced breeders 

of Cochins are pronounced in praise of 

their qualities as profitable fowls. They 

are hardy, good winter layers of rich, 

brown, medium-sized eggs, and fairly 

<a Hate eee os a good table fowls. The chicks grow well 

and develop rapidly under proper care. 

The Buff variety (fig. 114) are the most generally bred; their soft, 

mellow, buff tone offers an attraction to fanciers that is hard to 

resist. In color the Buff Cochin, male and female, is of a rich, deep, 

clear buff, uniform in shade throughout except the tail, which should 

be a deeper buff or copperish-bronze, undercolor same as surface color, 
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but of lighter shade, and should extend to the skin. In breeding, 

select females as near as possible to the desired shade of buff, as free 

from dark or white in wing and tail and of as even a color as can be. 

To such females mate a cock of deeper shade, with some little black 

in wing and tail of deep buff of a coppery luster. This mating will 

produce good results in cockerels and pullets. The heavy leg and 

foot feathering so characteristic of the breed should have constant 

sare and attention. While the feathering should be abundant, all 

semblance to vulture hock or stiff feathering should be avoided. 

The Partridge Cochin is a beautiful yet difficult fowl to breed, and 

Fira. 113.—Pair of Light Brahmas. 

in plumage is much after the pattern of the Dark Brahma, the color 

being red and brown, instead of the steel-gray effect of the latter. 

The head of male is in color bright red; hackle, bright red or orange 

red, with a distinct black stripe down the center of each feather; sad- 

dle feathers, same as hackle; breast and body, rich deep black; wing 

bows, red; primaries, black on inside web, with a bay edging on the 

outside web; secondaries, black on the inside web and rich bay on 

the outside web, terminating with greenish-black at the end of each 

feather; wing coverts, greenish-black, forming a well-defined bar of 

that color across the wing when folded; tail, black; sickles, coverts, 
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and lesser coverts, glossy greenish-black; the latter may be edged with 

red; thighs, black; shanks, yellow and well covered with black or 

brownish feathers, the middle toes being also well feathered. 

The female is the prettier of the two. Her head is small and of a 

rich-brown plumage, with a stout, well-curved beak, yellow in color. 

Her eyes are bay and mild in expression. The head is ornamented 

with a small single comb, set perfectly straight upon the head and 

bright red in color. The wattles are small, well rounded, and fine in 

texture; the ear lobes are well developed and are also fine in texture. 

The neck is neatly curved, with abundant hackle flowing well over 

the shoulders. The plumage is bright red or orange red, with a broad 

black stripe down the middle of each feather. The black stripe in a 

good feather should run to a point near the end of the feather. This 

Fic. 114.—Pair of Buff Cochins. 

stripe should be free from penciling, but the standard permits a slight 

penciling of the black. 

A good back and cushion help to make the bird. Her back should be 

broad and flat, the broader the better, and the cushion should rise with 

a gentle cogvex curve and partially cover the tail. The plumage of 

back and cushion is a reddish-brown in color. Each feather is penciled 

with a darker brown; the outlines of the penciling conform to the shape 

of the feather. The breast is one of the most important points of a 

good hen, and should be broad and massive. The plumage is of the 

same reddish-brown color as the back. The penciling on the breast is 

perhaps a little more distinct and open than on the back; the outlines of 

the penciling should be sharp and conform to the shape of the feather. 



SOME STANDARD VARIETIES OF CHICKENS. 455 

The body is broad and deep behind and of the same plumage as the 

breast. The fluff is very abundant, covering the posterior portion of 

the bird and standing out about the thighs. Wings are small and the 

primaries fold closely under the secondaries; the bows are covered 

by the breast feathers and the fluff conceals the points. The primaries 

are very dark brown or blackish-brown in color; the inner web of the 

secondaries is a blackish-brown, and the outer web is a blackish-brown 

penciled with a lighter brown. The coverts are similar in color and 

penciling to the plumage of the breast. 

The tail is small and short, is carried almost horizontally, and is 

partly concealed by the cushion. In color it is black, except the two 

main tail feathers, which are penciled. The tail coverts are penciled 

f 

Fig. 115.—Pair of Black Langshans. 

same as breast and body. Thighs are large and well covered with soft 

feathers; the feathers on the lower part curve inward around the hock 

and hide the joint on the outside. The feathering of the thighs is of 

the same shade and color as that of the body. Shanks are short and 

yellow and heavily covered with feathers of same color as thighs. 

The toes are well spread and yellow in color, the outer and middle toes 

being feathered throughout their entire length. 

Black Cochins are much more easily raised than are either of the 

varieties thus far described. Being of one color, the care bestowed in 

breeding party-colored or penciled birds is not necessary, and the time 

may be spent in furthering their general utility in egg production. A 
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one-colored bird is the more practical bird for the farmer and market 

poulterer. The Black Cochin is of a rich glossy-black plumage through- 

out. The White Cochin is pure white in plumage. 

The standard weight of Buff, Partridge, and White Cochin cocks is 

11 pounds; hens, 83 pounds; cockerels, 9 pounds, and pullets, 7 pounds. 

Black Cochins are of the same weight, excepting cocks, which should 

weigh 103 pounds. 

F1G. 116.—Single-comb White Leghorn cock. 

LANGSHANS. 

The Langshan is the smallest and most active of the Asiatie class. 

It is a practical fowl in more senses than one, and its prolifie laying 

and excellent qualities make it a profitable fowl for the farmer and 

market poultryman. It is one of the oldest breeds of poultry and 

has always been held in popular esteem. The shape of the Lang- 

shan is distinct from that of the Brahma or Cochin, and should 

not be confused with either of the last-named breeds. Fig. 115 

shows the accepted contour of the Langshan, and a comparison with 
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the birds illustrated by figs. 113 and 114 shows at a glance the char- 

acteristics of the Langshan as compared with the other Asiaties. 
Langshans have white flesh and dark legs, while the others are yellow 

skinned and yellow legged. The flesh of the Langshan is excellent, 

being fine grained, tender, and good flavored. As layers these birds 

rank among the best, averaging from twelve to thirteen dozen eggs a 

year, and as winter layers they are to be 

recommended. The chicks are hardy 

and mature early. Langshans are good 

sitters and mothers, being of gentle dis- 

position; they are easily kept either in 

confinement or on free range. Being 

excellent foragers, they are ideal fowls 
for the farm, and will gather during the 

year a considerable proportion of their 

food. 

The Langshan is a stylish, medium- 

sized bird, not overgrown or gawky in F' ee 

appearance, of active nature, and lively * 

disposition. Many confound the Black Langshan with the Black 

Cochin. This need not be, as the following comparison between the 

two varieties shows: The Black Cochin is square in shape, with heavy- 

looking neck and legs, plenty of fluff and leg feathering, cushion ris- 

ing from middle of back to tail; tail short, small, and almost concealed 

by cushion; neck, breast, cushion, 

and tail all represented by convex 

lines. Langshan, head small for 

size of body, comb medium sized, 

well up in front, and arch shaped. 

Cochin, head larger than that of 

the Langshan and not so arched 

over the eye; comb smaller, low 

in front, and almost straight on 

top of serrations. Langshan, back 

short and coneave; that of the 

Cochin medium length, slightly 

convex, and large convex cushion. 

Langshan, fluff moderate and 

close; that of the Cochin extreme- 

ly full and loose. Langshan, 

wings somewhat large and inclined 
Fic. 118.—Head of Single-comb Brown Leg- 

horn cock. 

downward, quite prominent at 

shoulders; the Cochin wings smaller and almost hidden by the fluffy 

plumage of cushion and fluff. Langshan, breast full, deep, and car- 

ried well forward; Cochin, breast not so full and deep, but broader. 

Langshan, legs medium in length, small bone, long tapering toes, 
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color of shank bluish-black, showing pink between scales, which are 

nearly black; Cochin, legs shorter, stouter, larger bone, toes shorter 

and stouter, color of shanks black or yellowish-black. 

There are two varieties of Langshans: the Black and the White. 

The Black in plumage of neck, back, saddle, sickles, a glossy metallic 

black, with greenish sheen; breast, primaries, secondaries, tail, fluff, 

shank, and toe feathers, black. The undercolor is black or dark 
slate. The White Langshan is pure white throughout. 

The standard weight of cocks for both varieties is 10 pounds; hens, 

7 pounds; cockerels, 8 pounds, and pullets, 6 pounds. 

LEGHORNS. 

Leghorns are the best known of the egg-producing varieties or Medi- 

terranean class. They are the premiers in laying and the standard by 

which the prolificacy of other breeds 

is judged. As to the origin of the 

Leghorn fowl, there are differences 

of opinion, and there is but little in- 

formation to be found anywhere con- 

cerning its early history. It is gen- 

erally conceded that a race of fowls 

bearing a close resemblance in many 

respects to the Leghorn has existed 

in Italy and other parts of the Con- 

tinent of Europe for a long period. 

That this race of fowls has been 

widely disseminated admits also of 

little doubt, inasmuch as at the pres- 

ent day the breed is known in Den- 

mark and other countries as the 

Italian. There seems to be good 
Fic. 119.—Rose-comb White Leghorn cock- 

erel. 

horns were first introduced into 

America from Italy. The story goes that as early as 1834 a vessel 

from Leghorn, Italy, brought to this country as a part of its cargo a 

small shipment of fowls, which were at once named ‘‘ Leghorns.” 

They immediately became popular, their prolific laying and nonsitting 

qualities being recognized at this early date. 

White and Brown Leghorns were the first varieties known. Modern 

breeders are responsible for some of the subvarieties of the breed, and, 

in point of color at least, exhibition birds of to-day, even of the older 

varieties, vary considerably from those seen at the present time in Italy. 

The Leghorn fowl holds the same place among poultry that the 

Jersey holds among cattle. The question of profit in poultry has been 

decided in favor of egg-producing breeds. Leghorns are lively, active, 

ground for the statement that Leg-- 

a ee — sa 
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and of a restless disposition, the best of foragers, and will pick up a 

good part of their living during the year. They are light eaters 

and the cost of raising them to maturity is about one-half that of the 

Asiatic varieties. They mature early, feather quickly, the pullets 

often begin laying when 4 months old, and cockerels crow at the same 

age. They are the best layers, averaging between 150 and 200 eggs 
> 

Fig. 120.—Black Minorca cockerel. 

per year. Their eggs are pure white in color, and weigh about ten to 

the pound. As table fowls they are fairly good. By many they are 

considered excellent. The only thing that can be said against them 

is that they are small in size. Altogether, they are one of the most 

‘profitable breeds of poultry that can be kept upon the farm, and the 

cheapness of their keeping will allow the raising of two Leghorns for 

the cost of one Asiatic. They must be warmly housed in winter to 

lay well and to proteet their pendulous wattles from frostbite. 
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In shape a Leghorn cock (fig. 116) should be graceful; body, round 

and plump, broad at the shoulders, and tapering toward the tail. The 

tail should be well balanced on a fair length of shank and thigh; the 

length of leg giving the bird its sprightly and proud carriage. Close- 

ness of feathering adds to the general shape and secures a freedom 

from angles which always proclaims the pure bred, typical specimen. 

The breast should be full, beautifully curved, rather prominent, and 

carried well forward. Neck, long, well arched, and carried erect; 

back, of medium length, with saddle rising in a sharp, concave sweep 

to the tail; tail, large, full, carried upright; the full, flowing tail, 

and long, well-curved sickles are characteristics of the bird that are 

much thought of. The wing is long, well folded, and tightly carried, 

Fic. 121.—Pair of White-faced Black Spanish. 

Hackle and saddle feathers, long and abundant and flowing well over 

the shoulder and saddle. The legs are bright yellow and free from 

feathers; toes also yellow, but a dark shade is allowable. The head 

is the prettiest portion of the bird, being short and deep, yellow beak, 

full, bright-red eyes, and bright-red face. The comb is single, of me- 

dium size, perfectly straight and upright upon the head, free from side 

sprigs, deeply serrated with five or six points, and bright red in color. 

The comb should extend well back over the head, with no tendency 

to follow the shape of the neck. Ear lobes white, or creamy white. 

The Leghorn hen in many respects resembles the cock, excepting . 

carriage of comb and sexual differences. In shape and earriage the 

hen is even more graceful and sprightly than the cock, very close in 

feather, and rather small in body, though somewhat long in back. 
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Her breast is full, very round, and carried high; legs fairly long, and 

shanks thin; tail carried closely and well up. The general carriage 

should be upright. Her comb is the marvel of her beauty; itis single - 

and falls gracefully to one side, but not in a limp manner, or so as to 

obscure the sight. Fig. 117 shows an ideal comb of Leghorn female. 

Legs, comb, and face are the same color as in the male, but the ear 

lobe is much smaller. 
There are six standard varieties of Leghorn: Black, Brown, buff, 

Dominique, Silver Duckwing, and White. 

The Black Leghorn is a popular bird, and a favorite with those who 

are partial to its color of plumage. The Black Leghorn is mistaken 

by many for the Black Minorea, but. is quite different in type. The 

Minorea is larger in size, has a longer body, larger comb, and dark 
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Fia. 122.—Pair of Silver-spangled Hamburgs. 

slate or nearly black shanks and toes. The plumage of the Black 

Leghorn is a rich glossy black throughout. Comb, face, and wattles, 

bright red;. ear lobes white; and shanks yellow, or yellowish-black. 

The Brown Leghorns (fig. 118) are among the prettiest as well as the 

most commonly bred of the Leghorn varieties. They are the most 

difficult of all to breed to feather. They have merited the confidence 

of poultry lovers for a long time and their hardy constitutions have 

thwarted rough usage and promiscuous interbreeding to efface their 

characteristics. They are a fixed breed, and their merits are notice- 

able from the newly-hatched chick to the oldest specimen; they are 

stamped with the indelible marks of royalty to be found only in a 

thoroughbred. 

In mating Brown Leghorns opposites must be considered. Should 

the male be fine in all points except comb or leg, select females strong 

in this point to mate with him. The most successful breeders use 

a double mating, one pen to produce exhibition birds of each sex, 
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Fine birds, both cockerels and pullets, can be bred from the same pen 

by using slightly different types of females. The same male often 

will breed the finest of both exhibition cockerels and pullets, but it is 

a rare case to have a female breed both sexes of a remarkable quality. 

When two pens are used, at the head of the pen mated to produce the 

cockerels place a fully developed cock with no serious fault, standard 

color, especially strong in comb, lobe, hackle, and saddle, a dark 

undercolor preferred. To him mate hens of a shade darker than 

standard, with small, evenly serrated, standing combs; a trifle briek 

color on wings is no objection, as it will give a brighter color on wing 

bows of the cockerels. Shafting on the back will also help the black 

stripe in the saddles. The pullets raised from this pen will be too 

dark for exhibition, but they will be a great help in breeding cock- 

erels the next season. The male at the head of the pen mated to 

produce the pullets should be from a pullet strain, and bred direetly 

from an exhibition hen. His color is a trifle light; comb large, but 

evenly serrated; if thin near the top, all the better; hackle well 
striped, but none in 

saddle; undereolor 

of hackle and sad- 

dle may be light 

gray or white; wing 

bows should show 

more purple than 

red, as too much 

red shows signs of 

being bred from a 

bricky hen. To him 

mate exhibition fe- 

males having light 

brown penciled 

with darker brown 
Fic. 123.—Pair of Houdans. 

on back and wings, . 

all one shade, free from shafting on back and brick on wings. These 

hens should have the large comb, lying over, but firm and strong on 

the head, so as not to lie close to the eye and face. The cockerels 

raised from this mating are the birds to use for breeding females the 

next year. By breeding Brown Leghorns in this manner we have two 

distinct lines of blood, and they should never be crossed. 

The Buff Leghorn is the most recent acquisition to the Mediter- 

ranean class. It is a beautiful bird, and one that will win its way 

wherever bred. Buff-colored birds have many admirers, and those 

who have bred them are most pronounced in praise of their qualities. 

Besides having the general characteristics of the Leghorn type, the 

Buff Leghorn cock has rich buff-colored hackle and saddle, in shade 

from lemon to cinnamon, but of even solid color in keeping with the 



SOME STANDARD VARIETIES OF CHICKENS. 463 

rest of the plumage; the back and the wing bow exactly match the 

plumage; tail is of the same general tint, but richer, deeper buff is 

preferable, the standard giving for tail a rich, deep buff or copperish- 

bronze. The remainder of the plumage is of a slightly lighter shade, 

but even in color throughout, with no semblance to a patchy or mottled 

plumage. White and black feathers in plumage are objectionable; 

solid white or solid black feathers will disqualify the bird. The hen 

is of the same color as the cock. 

Dominique Leghorns are not so generally known. Their color is 

much like that of the American Dominique and Barred Plymouth 

Rock, and is what is known as ‘‘Cuckoo” by English breeders. The 

body color is grayish-white, each feather regularly crossed with parallel 

bars of blue-black, producing the effect of a bluish-tinged plumage. 

This color is the same 

throughout. The 

ground color of each 

feather is a clear, light, 

bluish-gray. The 

-Shanks and toes are 

bright yellow and eyes 

bright red. 

Silver Duckwing Leg- 

horns are not generally 

bred in this country, 

though they are fre- 

quently seen in the 

show-rooms. They are 

considered as profitable 

as any of the other Leg- 

horn varieties, and in 

point of beauty they are 

very interesting and 

fascinating. They take 

the name ‘‘ Duckwing” from the similarity of the steel-blue wing bar 

to that of the Mallard, or Wild, Duck, the name being first given to 

a variety of games 

Fig, 124.—Silver Gray Dorking cock. 

the Silver Duckwing Games. The hackle and 

saddle feathers of a Silver Dueckwing Leghorn cock are pure silvery- 

white, without the slightest straw or creamy tinge, with a narrow 

black stripe along the center of the lower hackle feathers. Back, 

saddle, wing bow, and wing bay, pure white; breast, underparts, wing 

bar, and tail dense lustrous black. The Silver Duekwing Leghorn 

hen has a silvery-gray hackle, with a narrow black stripe through 

the center of each feather. The breast is light salmon, shading off 

to gray toward the sides; the body color when viewed at a short dis- 

tance should appear gray, with a faint bluish tint all over. Tendeney 

to ruddy gray, either in ground color or penciling, is objectionable. >> 
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The tail is black or dark brown, except the two upper feathers, whieh 

are light gray. The pencilings or markings are irregular or wavy. 

The White Leghorn, like the Brown, is one of the most generally 

bred of the Leghorn varieties. It is, no doubt, the most advantageous 

variety to breed for profit and the easiest to raise on the farm. Being 

of one color in plumage, these birds are more successfully raised and 

eared for than the party-colored varieties. Their plumage is pure 

white throughout, and feathers other than white will disqualify them. 

It has been a matter of much speculation as to which variety of Leg- 

horns is most prolific in egg production. This is a difficult question 

to properly adjust to the satisfaction of the specialty breeders, but 

froma conservative 

standpoint it is gen- 

erally considered 

that the Whites 

have slightly the 

advantage over the 

others. Phenome- 

nal individual egg 

records have been 

made by almost all 

the varieties, but 

the opinion here 

expressed is based 

on general results 

obtained from vari- 
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ous sources. 

There are subva- 

rieties in Brown 

and White Leg- 

horns—the Rose- 

comb Brown and 

the Rose-comb 

White. The only 

distinguishing difference between the last-named and the other varie- 

ties is in the comb. - The Rose-comb White and Rose-comb Brown 

Leghorns have a small rose comb (see fig. 119), square in front, firm 

and even upon the head, tapering evenly from front to rear, without 

inclining to one side, the top comparatively flat and covered with 

small points or corrugations, terminating in a well-developed spike in 

the rear. There is no standard weight given for Leghorns. 

Fic. 125.—Blue Andalusian hen. 

MINORCAS. 

The Minoreas (fig. 120) belong to the Mediterranean class, and are 

placed next to Leghorns in laying qualities. They are in appearance 

very similar to the Leghorns. Their general! outline is, in fact, that 
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of the latter, but they have greater length of body and are heavier in 

mold. Indeed, they are the only variety of the Mediterranean class 

that has a given weight which approaches that of the Wyandotie, 

being only one-half pound lighter than the last named. The origin 

of the Minoreas, like that of so many others of our profitable poultry, 

is much in doubt. Some are of the opinion that they originally came 

from Minorea, one of the Balearic Isles in the Mediterranean Sea, 

while others contend they are a variety of the Black Spanish. Be 

that as it may, they are one of the most profitable breeds of poultry 

for the farm that is known. 

For table purposes they are good, the fiesh being white or light col- 

ored, and fine grained. Their chief value, however, is as egg pro- 

ducers. They are nonsitters and year-around layers. As winter 

layers they are exceptionally good when kept under fairly favorable 

circumstances. While the Leghorn surpasses them in the number of 

eggs laid, the Minorea’s eggs are larger, and equal the output in bulk. 

Their eggs are white, and average eight to the pound. They lay 

from twelve to fifteen dozen a year. For farm purposes they are espe- 

cially profitable. Being of an active, restless disposition, they keep in 

splendid condition and make good foragers. For suburban poultry 

keeping they are very practical birds and net good results to the 

keeper. They are hardy, easily raised, and mature quickly. 

The Minorca fowl is large in outline, well bodied, stands well up on 

its legs, has a broad chest, and a long, flat back, with tail carried 

upright. Many breeders dispute as to the carriage of the tail. The 

standard says ‘‘upright,” while the preference is almost universally 

made by breeders that it should be carried ‘‘ well back.” The upright 

position gives the tail the Leghorn type (see fig. 116), while the typical 

Minorca differs somewhat from it by being more horizontal, as shown in 

fig. 120. The body of the Minorca male is long, square in front, taper- 

ing from front to rear. When standing erect, the body of male is at an 

angle of nearly forty-five degrees. Thighs are stout; shanks, medium 

in length, stout in bone, and in color dark slate or nearly black; comb, 

single, large, perfectly straight and upright, evenly serrated, and 

extending well over back of head. The comb of the Minorca is larger 

and more bulky than that of the Leghorn. Wattles are thin and 

pendulous, corresponding with size of comb; ear lobes, pure white. 

The female is in body of the same general appearance as the male, 

rather long, broad, and deep. Her comb is single, large, and drooping 

to one side; like comb of male, her comb is perceptibly larger than that 

of the Leghorn female. Black Minoreas are in plumage a rich, glossy 

black throughout, and gray tips are considered serious defects. The 

White Minorca is as popular as the Black, and takes the same position 

as does the White Leghorn in its class. The choice is only that of 

color; the other qualities are equal as to profitableness between the 
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two varieties. The standard qualifications are equal for the two 

exceptin color, and that must be pure white throughout, feathers other 

than white disqualifying. 'The comb, face, and wattles are bright red, 

free from white in face; eyes are dark hazel or red. 

Before leaving Minoreas it is worthy of note that the latest acqui- 

sition to the Minorca breed is the Rose-comb Black Minorca. The only 

objection that has ever been raised against the varieties of the Mediter- 

ranean class is their susceptibility to frostbite of the comb. Their 

combs are so large that continued cold or exposure is sure to result in 
this injury. To obviate this one defect, if it may be so termed, in 

this valuable class of birds, it has been the aim of breeders to produce 

a bird possessing the other qualifications, but with low rose comb. 

There are two varieties of Rese-comb Leghorns (the Black and the 

White) and there is the Rose-comb Black Minorca. The latter is not 

a standard variety as yet, but indications point to its admission as 

such in the near future. Many good specimens have been bred and 

exhibited at the recent shows, and suecess in making this new fowl 

seems assured. The head of the Rose-comb Black Minorea male 
should be medium in length; beak, stout and black; eyes, dark red; 

face, smooth and red; comb, rose, straight, and set close and even on 

the head. In size the comb should be between that of the Wyandotte 

and the Leghorn; wattles, medium in length and not so large as in 

single-comb variety; ear lobes, pure white, large, smooth, and almond- 

shaped. The head of the female is similar to that of the male—me- 

dium in size; face, red; comb, small and even cn the head; wattles, 

medium in size, thin, and bright red; ear lobes, pure white, large, 

and even. 

The standard weight of a Minorca cock is 8 pounds; hen, 63 pounds; 

cockerel, 6} pounds, and pullet, 5} pounds. 

BLACK SPANISH. 

The Black Spanish (fig. 121) is one of the oldest varieties of domestic 
ooultry. Its name has been identified with the industry for hun- 

dreds of years, and its practical value on the farm has long been 

recognized. Its haughty bearing, large red comb and wattles, and 

the white face and lobes peculiar to the breed, contrasting with iis 
glossy-black plumage, render it a most striking fowl. 

White-faced Black Spanish have long been favorably known for 

their exceptionally fine laying qualities. The oldest of the nonsit- 

ting varieties, they still maintain an unsurpassed reeord. The pul- 

lets are early layers, averaging 150 to 180 eggs per year, the hens 

beginning somewhat later after molting, but compensating for any 

loss of quantity by the increased size of the egg, while hens and pul- 

lets alike are above the average for winter laying. Their eggs are large 

and white and of good flavor. The bird’s white face is a distinguish- 

ing feature, and should be long, smooth, free from wrinkles, rising well 
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over the eyes in an arched form, extending toward the back of the 

head and to the base of the beak, covering the cheeks and joining 

the wattles and ear lobes, the greater the depth of surface the better, 

and should be pure white in color. The color of plumage throughout 

is rich, glossy black, and any gray in plumage is considered a serious 

defect. Shanks and toes are blue, or dark leaden-blue. Comb is sin- 

gie and bright red in color; wattles, bright red, except the inside of 
the upper part, which is white; ear lobes, pure white. 
No standard weight is given for Black Spanish; they equal in size 

the Leghorn and Andalusian. 

HAMBURGS. 

Hamburgs (fig. 122) are in the front rank of egg producers, and are 

in general appearance much like Leghorns. There are six varieties 

of Hamburgs: The Golden-spangled, Siiver-spangled, Golden-pen- 

ciled, Silver-penciled, Black, and White. They are all very pretty 

birds and seidom fail to prove attractive and profitable to the average 

breeder and fancier. Hamburgs are economical fowls to keep; besides 

being light eaters and great foragers, they are prolific layers and non- 

sitters. The only thing against them is the smallness of their eggs. 

They lay a pretty, white-shelled egg, but smaller in size than those of 

the Leghorn. There are some which lay larger eggs than others, and 

by careful selection from year to year of the birds which lay the 

largest eggs this defect may be remedied and the size of the eggs 

improved. 

The Silver-spangied Hamburg is, perhaps, the most beautiful as well 

as the most popular variety of the Hamburgs. Its proud carriage, 

royal decoration, and graceful and symmetrical form command atten- 

tion wherever seen. Breeders of Hamburgs universally adopt the 

foliowing as a standard for the breed: Comb square at front, tapering 

nicely into a long spike, full of points by no means plain, firmly and 

evenly set on the head; face, red; ear lobes, moderate size, round as 

possible, and clear white; legs, leaden-blue; carriage, graceful; plum- 

age, very profuse. Cocks—Silver-spangled: Color, clear, silvery- 

white ground, every feather tipped or spangled, the breast as bold as 

possible, but showing the spangle, the bars of the wing regular and 
bold; neck, back, and saddle nicely tipped; bow well marked (by no 

means cloudy, brown, or brassy); back as green as possible. Golden- 

spangled: Color very black and rich, the back glossy green; the neck, 
back, and saddle nicely striped; bow of wing well marked. Hens— 

Silver-spangled: The white clear and silvery; the spangles large, 
green as possible, distinct, and clear. Golden-spangled: Ground, 
rich; clear spangles, large and distinct. 

The feather markings of the penciled varieties differ greatly from 

those of the spangled; the latter being commonly ealled ‘‘ moon-eyed” 

from the round or oval appearance of the spangles, while the mark- 

ings of the penciled varieties are in parallel bars of reddish-bay or 
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black, or clear silvery-white and black, as the case may be. White 

and Black Hamburgs are solid white or solid black in plumage. 

No standard weight is given for Hamburgs. 

HOUDANS. 

The three varieties of poultry in the French group are the Houdans, 

Crevecceurs, and La Fleche. Of these, the Houdans (fig. 123) are eon- 

ceeded to be the most popular and profitable, being bred to a great 

extent throughout the entire country. They are hardy and prolific 

layers of large, white eggs. For table purposes they are among the 

best fowls. They have smatl bones and the flesh is tender and deii-' 

cious. The chicks are sprightly, active, and feather rapidly. They 

are nonsitters and light feeders; like the Leghorns, they may be fed 

at a small cost as compared with some of the larger breeds. They 

are of medium sized and of a mottled-white plumage, black and white 

intermixed, the black slightly predominating; wing bars and second- 

aries, black; primaries, black and white intermixed. Houdans are a 

crested variety, having a leaf comb, shaped somewhat like the letter 

V, which rests against the crest; crest of cock is large, well fitted upon 

the crown of the head, falling backward upon the neck, and com- 

posed of feathers similar in shape and texture to those of the hackle. 

The crest of the female is large, compact, and regular, inclining back- 

ward in an unbroken mass. A peculiarity of the breed is their hay- 

ing five toes, like the Dorkings; shanks and toes are of a pinkish-white 

eolor. 

The standard weight of cocks is 7 pounds; hens, 6 pounds; cockerels, 

6 pounds, and pullets, 5 pounds. 

DORKINGS. 

This English fowl is one which may be considered an ideal bird for 

general purposes. It is a hardy fowl and can stand almost any amount 

of cold weather, providing the ground isnotdamp. This is proved by 

the fact that it does well in the northern part of Scotland and in the 

extreme north of Ireland, among the Cumberland Hills, and in other 

places equally cold and exposed. It should be remembered by all 

who contemplate raising it, that the soil must not be damp if success 

is to be expected with it. The Dorking (fig. 124) is one of the oldest 
of domestic fowls, if not the oldest. There are no definite records to 

show when it first lived in England, or whence it came, but the sup- 

position is that it was carried to England by the Romans, who appear 

to have possessed fowls of similar characteristics. 
The chief distinctive mark of the breed is the presence of a fifth or 

supernumerary toe, springing behind, a little above the foot and below 

the spur. It has been sought by various writers to deprive Dorking 

of the honor of being the original and principal rearing place of this 

justly celebrated variety, and it is asserted that the true Dorking 
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fowls are raised at Horsham, Cuckfield, and other places in the Weaid 

of Surrey, and that the ancient and superior white fowls from Dorking 

are a degenerate race compared with the improved Sussex breed. 

The feature in which this bird is most popular is its table qualities. 

The flesh is white and very delicate in texture. It is claimed by 

many to equal if not excel the French varieties. The broad, deep, 

and projecting breast of the Dorking admirably fits it for table pur- 

poses, and in this respect it is conceded by some to be the rival of the 

Indian Games. As layers the Dorkings are good, and are careful 

sitters and attentive mothers. In short, they are splendid fowls for 

the practical purposes of the farm. 

There are three varieties of Dorkings: the White, Silver Gray, and 

Colored. The White Dorking is really the purest blooded of the three, 

as for years this was the only variety which invariably produced the 

fifth toe, although the Colored and Silver Gray varieties seldom fail to 

breed this peculiarity. In color the White Dorking is of clear, unblem- 

ished, glossy white. The comb and wattles are a bright-scarlet red; 

the legs are either white or a delicate flesh color. 

Silver Gray Dorkings are beautiful in plumage. The head of the 

cock is silvery-white; hackle, pure silvery-white, free from stripes; 

com), face, ear lobes, and wattles, bright red; beak, horn color or white; 

eye, orange; breast, thigh, and under paris, black; back, shoulder 

coverts, saddle, and wing bow, pure silvery-white; coverts, greenish- 

black; primaries, black, edged with white; secondaries, part of outer 

web forming wing bay, white; remainder of feathers forming wing 

butt, black; tail, greenish glossy black; legs, feet, and toe nails, 

white. The eye, beak, comb, face, wattles, legs, feet, and toe nails of 

the hen are the same as in the cock; head, silvery-white, with slight 

gray markings; hackle, silvery-white, clearly striped with black; 

breast, rich robin-red or salmon-red, shading off to gray in the lower 

parts; back, shoulder coverts, saddle, wing bow, and wing coverts, 

bright silver-gray, with minute pencilings of darker gray on each 

feather, the shafts of the feathers white; primaries, gray or black; 

secondaries, gray; tail, gray, of a darker shade than body; quill feath- 

ers, black. 

Colored Dorkings differ from the others only in color, the general color 

of the male being black and straw color, while the female is marked 

with black and mixed gray, with breast of dark salmon edged with 

black. The combs of Dorkings differ in the three varieties; Whites 

have a rose comb, Silver Grays have single combs, and Colored Dork- 

ings may have either single or rose combs, but single is preferred. 

The standard weights for Dorkings vary. The weights for Whites 

are: Cocks, 74 pounds; hens, 6 pounds; cockerels, 6} pounds, and 

pullets, 5 pounds. Silver Grays: Cocks, 8 pounds; hens, 64 pounds; 

ecockerels, 7 pounds, and pullets, 54 pounds. Colored: Cocks, 9 

pounds; hens, 7 pounds; cockerels, 8 pounds, and pullets, 6 pounds. 
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CAMPINES. 

Campines belong to the Hamburg class. They are an old breed, but 

have only recently been admitted to the standard. The earliest men- 
tion of them appears to have been in 1828, when they were referred 

to as a small variety of fowls imported from Holland, and called 

‘Everyday hens,” or ‘‘ Everlasting layers.” This name is still applied 
to them on their native soil. Campines are rated as extraordinary 

layers in Holland, their native country, but their introduction into 

the United States has been so recent that a comparison with the other 

egg-laying breeds can not be satisfactorily made. Those, however, 

who keep them speak highly of their laying qualities. They much 

resemble the Hamburgs, so much so that many think they are the same 

class of birds. They differ, however, from Hamburgs in the comb, the 

Campines having a single comb, while the comb of the Hamburg is 

rose. There are two varieties of Campines, the Golden and the Silver. 

The color of the Golden is a rich golden-bay in the neck plumage with 

a darker yellow for the body color. The Silver Campines are in color 

silvery-white and black throughout their plumage. The shanks and 

toes of both varieties are dark blue in color, wattles bright red, and 

ear lobes white or bluish-white. 
No standard weight is given for Campines, but their average size is 

about the same as that of the Hamburgs. 

ANDALUSIANS. 

The Andalusian (fig. 125) is one of the prettiest fowls of the feath- 

ered race, being of a beautiful light and dark blue plumage. It is 

called the Blue Andalusian, and is the only variety of its class. It 

is not as popular in this country as it should be, owing to the senti- 

ment against white skin and blue shanks. English and French poul- 

trymen prefer these qualities in a bird, and with them it is very popu- 

lar. Andalusians are nonsitters, and splendid layers of large white 

eggs, equaling in size those of the Minorca. The chicks are hardy, 

mature early, and pullets begin laying when five or six months old. 

For farm purposes they are of the same class as the Leghorn and 

Minorea, the preference being only in the color of their plumage. For 

fancy purposes they are an ideal bird on account of their beauty. 

Their general characteristics are these of the Leghorn. In color the 

hackle and saddle feathers are dark blue, approaching black; breast, 

a lighter shade of blue, each feather having a well-defined lacing of a 

darker shade; body and fiuff, similar in color to breast, but somewhat 

darker; primaries, light blue; secondaries and wing coverts, dark 

blue; wing bows, darker blue, approaching black; tail and sickle 

feathers, dark blue, approaching black; shanks and toes, slaty-blue. 

No standard weight is given for Andalusians; their average size is 

that of the Leghorn. 
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METHODS OF PROPAGATING THE GRANGE AND OTHER 
CITRUS FRUITS. 

By HERBERT J. WEBBER, 

Assistant, Division of Vegetable Physiology and Pathology, U. S. Department of 

Agriculture. 

GENERAL REMARKS. 

The methods used in propagating citrus trees do not materially differ 

from those used in the propagation of other fruit trees. However, 

there are certain differences with which the prospective grower of 

citrus trees should be familiar, and it is therefore the intention of the 

writer to briefly describe the principal methods employed by citrus 

nurserymen and growers in Florida as a guide for those not already 

familiar with the industry. 

One of the most difficult questions the prospective orange grower 

must decide is whether to use seedling or budded trees. Such con- 

flicting opinions exist among orange growers in Florida regarding this 

question that to decide the best policy is confusing and somewhat diffi- 

cult. The pros and cons of the question, however, can not be discussed 

here. Suffice it to say that the general tendency of intelligent and 

progressive growers is to use only trees budded with thoroughly tested 

and approved varieties. Practically all the advance that has been 

made in improving citrus fruits by propagating from selected seed- 

lings, hybrids, sports, ete., which preduce superior or peculiar fruits, 

depends entirely upon propagation by budding and grafting, as the 

characteristic features are commonly lost by seed propagation. How- 

ever, many continue to use seedling trees, and there will probably 

always be some used. 

SEEDLING TREES. 

When seedling trees are to be used, the selection of seed becomes 

an important feature. Any and every orange seed should not be 

used. On the contrary, the greatest care should be exercised in 

selection. It is not an uncommon report that seeds of sweet oranges 
frequently produce sour oranges, and vice versa, but this is probably 

never true unless the seeds are the result of hybridization. It is well 
recognized by growers in Florida, California, and Italy that when 

seeds of a sweet orange are planted, trees bearing sweet fruit, of a 

fairly good character, almost invariably result. Orange trees, how- 

ever, are generally grown in close proximity to lemons, limes, sour 
471 
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oranges, pomelos, ete., and it is not to be wondered at if hybridiza- 
tion occasionally occurs. When hybridized with the sour orange, 

lemon, ete., the resulting seedlings may naturally be expected to 

produce sour, unmarketable fruit, or fruit with rough and unsightly 

skin. While seedlings of the sweet orange almost invariably pro- 

duce sweet fruit similar to that produced by the parent, there is 

nevertheless considerable variation wholly aside from that resulting 

from crossing and hybridizing. This uncertainty as to fruits, espe- 

cially the finer sorts, reproducing themselves true to seed is what 

renders budding and grafting desirable in the orange as in other fruit 

industries. 

Where sweet seedlings, or in fact any kind of seedlings, are to be 

grown, the seeds should be taken from selected seedling trees known 

to produce good fruit and which are isolated from citrus trees of other 

varieties or species. Such selection would prevent the probability of 

obtaining seeds affected by crossing or hybridizing with other varie- 

ties, and make it reasonably sure that seedling trees producing good 

fruit would be obtained. Pomelos, lemons, limes, citrons, kumquats, 

and the various other species of citrus fruits are almost invariably pro- 

duced true by the seed, as in the case of the orange, that is, pomelos 

produce pomelos, lemons: produce lemons, ete. Like other fruit trees, 

however, the different varieties of the fruits named do not reproduce 

themselves true from the seed. Seedling pomelo, or grape-fruit, trees 

are quite common in Florida. The varieties, however, have not been 

so much improved as in the case of the orange, and as yet there is but 

little difference between the fruit of seedlings and that of the best 

named varieties. The principal varieties or subspecies of mandarin 

oranges cultivated in Florida, known as the China (commonly called 

fandarin), Tangerine, King, and Satsuma, are not infrequently prop- 

agated by the seed, and with but slight variation they commonly 

reproduce true to the parent variety. However, they seldom average 

equal in flavor to the selected varieties, which must be budded, 

as they are not reproduced true by the seed. Seedlings of the © 

China are said to show a tendency to form an elongation of the rind 

at the stem, which makes them awkward to pack. In all cases 

where seedlings are to be used the greatest care should be exercised 

to select seed from isolated trees known to uniformly produce good 

fruit. 

THE SEED BED. 

The seeds used for planting should in all cases be selected from fully 
grown, normal fruit taken from vigorous, healthy trees. In this ease, 

as in others, it is important that the seed should be good in order to 

secure vigorous seedlings. The method of extracting the seeds from 

the fruit most commonly followed by nurserymen and those planting 
on an extensive scale is to cut the orange in half and squeeze the 
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seeds out into a receptacle. Sometimes the entire fruits are thrown 

into barrels and allowed to decay, after which the seeds are separated 

by washing in a coarse sieve, which allows the pulp to pass through. 
The seeds should be planted immediately, before they have had time 

to dry, but if this can not be done they may be preserved moist and 

in good condition for some time by packing in damp earth. If seeds 

dry out from necessity or by accident, the great majority of them can 

be induced to germinate by soaking in water for several days previous 

to planting. 

Many different plans are followed in arranging the seed bed. If 

only a few seedlings are to be grown, the seeds may be planted in 

boxes about 8 inches or 1 foot deep and of any convenient size. The 

soil should be kept moist, but not wet. Mulching the soil with moss 

(the common Florida long moss) until the plants appear is said by 

some to be beneficial. If many seedlings are to be grown, it will prob- 

ably be necessary to plant them in the open ground. Im such cases 

the seeds are commonly sown in beds from 3 to 4 feet wide and about 
2 feet apart. Sufficient room must be left between the beds so that 

the seedlings may be easily cultivated. The seeds are spread broad- 

east or are sown in drills, 1 or 2 inches being left between each seed. 

They are then covered with soil to a depth of about 1 inch. Some 
sow the seeds from one-half to 1 inch apart in rows about 1 foot apart. 

After planting, the seed bed must be either mulched or covered with 

a shelter of some kind to protect the young seedlings from the sun 

when they first appear. The cover may be made of brush supported 

by a suitable frame, or of some thin cloth, like cheese cloth or burlap, 

such as is used in making fertilizer sacks. The practice of protecting 
the bed with some such cover is more commonly followed than mulch- 

ing, and is apparently the preferable method. January is probably 

the best month for planting, although any time will doif care is taken 

to keep the seeds moist. If planted late in the spring, the dry season 

in April and May comes before they are thoroughly rooted and is liable 

to seriously injure them, so that watering may be required. Seeds 

planted in boxes usually appear in from ten to twenty days, but when 

planted in open beds they do not appear’for about six weeks, although 

less time may elapse if the beds are artificially watered. The success 

of the seed bed depends very largely*upon cultivation and fertilization. 

Previous to planting, the soil should be fertilized with some non- 

heating manure, such as well-rotted stable manure or some of the 

commercial manures for vegetables. Heating manures, like blood 

and bone or cotton-seed meal, should be avoided, as they are liable to 

injure the young seedlings. The soil should be fertilized a second time 
when the plants are from 4 to 5 inches in height, and probably again 

a third time before they are removed to the nursery. Cultivation 

should be very thorough, as in the case of vegetables, no weeds being 

allowed to grow. 
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The seedlings may be left in the seed bed for a year or more, until 

they are about the size of a lead pencil at the collar and from 12 to 14 

inchesin height. Probably the best time to transplant to the nursery 

is in December or January, when the plants are thoroughly dormant. 

Usually transplanting can be done with safety at any time during the 

rainy season, but even then it is necessary that the soil should be thor- 
oughly wetted, either naturally or artificially, several times shortly 

after planting, if the seedlings are to succeed weil. 

In digging the seedlings, carefully thrust a spade down perpendicu- 

larly near the plants and work it back and forth until the soii is leos- 

ened from the roots, after which the plants may be lifted out without 

injury. The roots and tops are then pruned preparatory to planting, 

the tap-root being cut cff to about 8 or 10 inches in length and the tops 

pruned back a corresponding distance. A number of the seedlings 

may be taken in the hand and the roots and tops cut off with an ax 

to the desired length. As the seedlings are removed from the bed 

the reots should be placed in water or wrapped in damp moss or cloth 

to prevent them from drying out while they are being transferred to 

the nursery and planted. All small or weak seedlings should be dis- 

carded. 

THE USE OF CUTTINGS. 

Lemons, citrons, and limes are sometimes propagated by cuttings. 

Oranges and pomelos may also be propagated in this way, but as they 

do not root readily this method is seldom used with these fruits. As 

in other cases, the cuttings are taken from young wood, the twigs 

being cut into sections from 4 to 6 inches in length, and usually with 

a portion of cne or two leaves remaining attached to the upper end. 
The base of the cutting is prepared by a smooth, slanting ent made 

vith a sharp knife (a smoothly cut surface forms roots much mor 

readily than a roughly cut surface in which the tissue is injured). 

Cuttings thus prepared may be planted in any convenient-sized box 

filled with sand. The basal end of the cutting is inserted in the soil, 

leaving about 1 inch of the upper end exposed. Wherever bottom 

heat can be secured, rooting is greatly facilitated. When the cut- 

tings have sprouted and have attained a height of 8 inches to 1 foot, 

they may be transplanted to the nursery, as in the case of seedlings. 

THE NURSERY. 

The citrus nursery should be on well-drained soil and in a locality 

as thoroughly protected from frost as possible. Young trees are much 

more casily affected by frest than cld ones. Wherever possible it is 

advantageous to have the nursery located on the south side of a 

considerable body cof water, which serves to warm the atmosphere. 

The land should be thoroughly cultivated and all rubbish removed. 
The trees are usually planted in rows from 4 to 5 feet apart. The 

——_— =~. 

se ee 

ih 



a 
WE 

id 

PROPAGATING THE ORANGE AND OTHER CITRUS FRUITS. 475 

tendency of nurserymen is to put the rows a considerable distance 

apart to facilitate budding and cultivation. The seedlings are planted 
from 14 to 15 inches apart in the rows. As it is much easier to culti- 

vate straight rows than crooked ones, considerable care should bo 

exercised in laying out the nursery (fig. 126). During the process 

of planting, the seedlings should be kept with their roots in water 

or wrapped in wet cloth to protect them against drying cut. The 

holes in which the seedlings are to be planted are commonly made by 

thrusting a spade into the ground and pressing it back and forth 

until the soil is sufficiently spread. The seedling may then be put 

in place and the soil pressed firmly arcund it. The holes in which to 

set tho seedlings may also be made by pressing a nurseryman’s dibble 
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rr a Eh oO ae e (or) © un n (ae Fia@. 126.—Citrus nursery at Rustis, Fla., showing method of arranging and steak 

(photographed October 23, 1886). 

into the soil and. crowding it back and forth until a space of the de- 

sired size is made. The roots may then be spread out and the soi 
pressed firmly around them. In planting great care should be exer- 

cised to get the soil packed firmly around the base of the root and not 
simply around the collar. 

Wherever convenient, it is desirable to use water in planting. The 
soil must always be moist when seedlings are transplanted, and there- 

fore transplanting should be done soon after a heavy rain, or else the 
ground should be artificially watered. This is very desirable, not 

only for the benefit to the plants, but if the soil is dry it is difficult to 
keep the holes open properly and prevent the dry, hot sand from fall- 

ing inaround the roots. Cuttings are transplanted in the same way as 
seedlings. 
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In the nursery, as in the seed bed, thorough cultivation and heavy 

fertilization insure success. In fertilizing, chemical manures espe- 

cially prepared for vegetables should be used. About 2,000 pounds 

per acre of such fertilizer sheuld be given annually in two or three 

applications. If two applications are to be made, one in February and 

one in July will probably give the best results. In case of three appli- 

cations, February, June, and August will prove satisfactory periods. 

The trees are allowed to remain in the nursery about two years 

before transplanting into the grove. The second spring after plant- 

ing inthe nursery they have usually attained sufficient size for bud- 

ding. If it is intended to bud them, they should all be budded at this 

time, as it is desirable to insert the buds as soon as the trees have 

attained sufficient size, in order to throw all growth inte the bud. If 

they are budded in the spring, the buds will have reached sufficient 

size by fall for the trees to be transplanted into the grove or put on 

the market, as may be preferred. 

STOCKS. 

The kind of stock used for budding has considerable influence 

on the health, vigor, and preductiveness of the tree. As some stocks 

will not do well on certain soils and some varieties grow well only 

on certain stocks, it is desirable that the stock used for planting 

any given tract be carefully considered. The orange and pomelo, or 

grape fruit, are commonly budded on sweet-orange, sour-orange, 

lemon, or pomelo stock. If planting is to be done on rich, moist low- 

lands (low hammocks and flat woods) which are subject to foot rot, 

or mal-di-gomma, stock which is immune from this disease should be 
used. Sour-orange stock is the most resistant variety that has been 

found and usually gives the best results. Pomelo, or grape-fruit, 

stock is also quite resistant and is probably the best stock in foot-rot 
regions where the soil is droughty at certain seasons of the year. It 

is 2 more vigorous grower than the sour-orange and resists drought 

better. Foot rot is common also on some flat woods and high pine- 

land soils which are dry and well drained, and in such localities the 

pomelo is probably the best stock for general use. 

Tn the ease of high and dry lands not much subject to foot rot, sweet 

orange, lemon, and pomelo are probably the best stocks. On dry lands, 

sour stock, although much used, does not always give satisfaction. 
Lemon stock, particularly the Florida rough lemon, is a very excellent 

stock for dry, sterile lands, as it is a very vigorous grower, doing 

fairly well in soil where the sweet-orange would perish. It isso easily 

injured by cold, however, that it is safe only in southern localities. 

Pomelo is also a more vigorous grower than sweet orange and is proba- 

bly a better stock for dry lands, but it is more tender and should be 

budded near the ground or its use limited to southern regions. In 

regions where foot rot is prevalent, sweet-orange stock and Jemon stock 
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should never be used, as they are particularly subject to this disease. 

The lime, which is a very vigorous-growing stock, similar to the lemon, 

is used to some extent in southern Florida as a stock for the orange, and 

is said to be excellent for barren serub land and rocky locations. The 

hardy trifoliate orange is used to a limited extent as a stock for the 

orange, but has not always given thoroughly satisfactory results. 

Tangerine and China (Mandarin) do well on any of the stocks used 

for the common sweet orange, but as the grower usually desires to 

inerease the size of these varieties it is probably preferable to bud 

them on rough-lemon stock. The Satsuma, which is a hardy variety, 

is very extensively budded on the hardy trifoliate orange, on which 

it is said to dowell. It also gives good results on sweet-orange, which 

is probably the best stock to use in southern locations, but does not 

do well on sour-orange stock. Lemons are usually budded on rough- 

lemon, sour-orange, or sweet-orange stock, the rough-lemon being con- 

sidered the most desirable, as it is the most vigorous grower. In 

places where foot rot abounds, sour-orange stock should be used. 

In selecting stocks it is also important that the latitude and local 

climate be carefully considered. The various citrus species used as 

stocks for grafting or budding vary greatly in their resistance to cold. 

The following is a list of stocks commonly or sometimes used, and is 

arranged in order of hardiness, the hardiest being placed first: Tri- 

foliate orange, sour-orange, bitter-sweet orange, sweet-orange, pomelo, 

rough-lemon (or lemon), lime, and citron. In localities where there is 
danger of severe freezes, no matter what stock is used, the point of 

union should be placed near or below the surface of the soil, so that 

the buds may be saved in ease of freezes. 

In regard to the effect of stock on the character of the fruit, it may 

be said that while some growers claim to have observed that the fruit 

is rendered coarser and thicker skinned by budding on vigorous, rap- 

idly growing stocks, like the pomelo and the lemon, yet it is certain 

that the difference is very slight and in most cases hardly perceptible. 

In this connection all that needs to be considered is that stocks of 

this nature tend to produce rather larger fruits. While in some varie- 

ties this character is a disadvantage, it is, on the other hand, an 

advantage to have a vigorous stock, as in certain varieties this is 

necessary to insure fruitfulness. The varieties of the Navel orange 
are unfruitful on sweet or sour stock, but usually they are normally 
prolific if budded on rough-lemon. 

BUDDING. 

WHEN TO BUD. 

The trees in the nursery should be budded when they have attained 

a size of from one-half to one inch in diameter. If the trees are 
grown for sale it is probably best to wait until they are three- 

fourths to one inch in diameter before budding. If the young trees 
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are grown for planting, it may be desirable to bud them rather sooner, 

in order to put them as soon as possible in their permanent places in 

the grove. Ifa tree is transplanted when still small, the greater por- 

tion of the roots and top is saved, and the shock in transplanting 
is therefore less. Budding can be done only when the tree is ina 

growing condition, so that the bark slips and separates easily from 

the wood. It is usually preferable to bud as early in the spring as 

possible. The nursery is commonly budded during March and April. 

t may be gone over again in May and those stecks which failed the 

first time rebudded. Budding may be done at any time during the 

summer, unless the trees are checked in growth by a severe drought, 

but it is usually not best to bud later than the first of July, as suffi- 

cient time should remain for the bud to push and mature the wood 

of the first growth before winter. If the budding can 

not be done by the time named, it is probably best to 

wait and put in dormant buds in October or Novem- 

ber. 
SELECTION OF BUDS. 

Bud wood should always be selected from fairly 

well-matured wood of the current year’s growth. 

Round sticks (or as nearly round as possible) should 
be selected. The young growth of orange wood is at 

first angular, becoming rounder as the twig matures. 

The basal portions of the young branches, which are 

nearly or quite round (fig. 127, a), supply the best 

buds, with the exception of the first two or three, 

which are usually somewhat imperfect and should 

be discarded. Where it is difficult to secure well- 
rounded wood, angular wood which is not too soft (fig. 
127, b) may be used. This, however, is not quite so 

= Aye gira satisfactory. Thorny bud wood should never be used 
crange twigs: a, When other wood can be obtained. Thorny trees are 

round twig of se- yery undesirable, and a careful selection of thornless 
lect buds; b, angu- = ey =) 
lar twig ofbads, PUG wood will soon result in thornless trees. The 

thorns have been bred out of many of the best citrus 

varieties, and if nurserymen would exercise proper care all the desir- 

able varieties could soon be rendered thornless. 
The bud wood should be cut while the wood is dormant, before the 

buds show any signs of pushing. That desired for spring budding 

hnould be cut the latter part of January. It is well to leave the 

wood on the tree as long as possible, and therefore the trees should 

be carefully observed during this period. When the first buds are 

observed to be swelling, all the bud wood desired should be cut 

immediately. After cutting, the leaves should be pruned off and the 

twigs cut into sections of the desired length. To preserve the bud 

wood until needed, the twigs should be tied up in convenient-sized 
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bundles, carefully labeled, and packed in old sawdust in a box of suit- 

able size. The box should then be closed and buried in sheltered 

ground several inches below the surface. In this way bud weod can 
be preserved in good condition for from two to three months. Damp- 

ened sphagnum, or peat moss, may be used instead of sawdust, but in 

this ease considerable care must be exercised to get the moss properly 

Gried. It must be moist, but not wet, for if too wet the bud wood 

may mold. The same caution applies also to sawdust. In this case, 

the proper degree of moisture ean be secured by taking the material 

from the interior of an old pile. Sawdust does not lose its moisture 

readily and is the best material for packing. Some simply bury the 

bud wood in the soil under shelter, digging down until the moist earth 

is reached. 
MATERIALS. 

Before beginning the operation of budding, material should be pro- 

vided for wrapping the buds. For this purpose cotton cord, yarn, 

strips of waxed cloth, etc., are used. The last named has practically 
superseded all others in Hattie being more convenient and giving 

better results than any other wrapping material. 

The strips are made from strong muslin or calico. 

Before the cloth is torn into strips, it is folded into 

convenient size and dipped intoa hotsclution of wax 

made by melting together two parts of beeswax and 

one partofresin. Several formulas for making this 

wax are used, any one of which will probably answer. pie. 128.—Moethod of 

The method described is known from personalexpe- - Temoving wax from 
budding cloth. 

rience and observation to give good results. After 

saturating the cloth with the hot wax, all the superfluous wax should 

be removed before the cloth cools. To accomplish this quickly hang 

the piece of cloth, folded in convenient form before waxing, over a 

small, strong stick (fig. 128, a), which is held by an assistant. Then 

iake two similar sticks of wood and holding them parallel on either side 

of the cloth (fig. 128, b), pressthem firmly together and pull downward, 
squeezing out the superfluous hot wax. The cloth should then be 

spread out until cool, after which it is ready to be torn into strips of 

the desired size, that is, one-fourth to one-half inch wide and from 10 

to 12 inches bigs, The cloth may be torn into strips before it is taken 

into the fieid, or it may simply be torn into convenient-sized pieces and 

afterwards torn into strips in the field as desired foruse. The latte 

probably the most convenient way. Using waxed cloth for wrapping 

effectually excludes moisture, prevents the bud from drying out, and 

the work can be done more quickly than with string, as the strips 

cover more surface and do not require tying, the wax serving to hold 
the cloth firmly in place. It may therefore be recommended as far 

preferable to any other wrapping material. 
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HOW TO BUD. 

Budding is a simple process, consisting in inserting a bud of a 

desired variety under the bark of the stock in such a way that the 

freshly cut inner bark of the bud comes in close contact with the 

layer of growing wood (cambium) of the stock. The bark is closed 
ever the inserted bud and the stock wrapped with waxed cloth, as 

described, so that the bud is firmly pressed against the growing wood. 

If the operation is properly performed, the tissue of the bud and stock 

soon fuse together and the bud may be forced to grow. 

In all varieties and stocks of citrus fruits the process of budding 

is practically the same, the method commonly employed being that 

known as shield, or eye, budding (fig. 
129). The bud is inserted in the young 
stock near the ground. Previous to 

the severe freezes of the winter of 

1894-95 the general practice was to in- 

sert the buds 12 to 18 inches above the 

ground, but since then the tendency is 

to bud as near the surface of the soil 

as possible, so that the trees may be 

readily banked with the earth above 

the bud to protect against injury from 

freezes. Most of the buds are now in- 

serted from 2 to 6 inches above the soil. 

In sections where foot rot is abundant 

and sour-orange stock is used as a pre- 

ventive measure the buds should be in- 

serted from 12 to 18 inches above the 
soil, so that the sweet-orange wood will 

be above the influence of the disease. 

All leaves and limbs which would 

hinder the proper wrapping of the buds 
Fig. 129.—Shield, or eye, budding: a, ; 

method of cutting bud from round should be cut away with a sharp bud- 

twig; b, bud cut ready toinsert;¢, ding knife. The use of sharp tools is 
face of bud showing the cut surface. 2 

the secret of suecess. <A vertical cut 

about 14 inches long is made at the point where the bud is to be inserted. 

At the base of this a horizontal cut is made, so that the two cuts present 

the appearance of an inverted T (1), as shown in fig. 130,a, The cuts 

should not be deep. The aim should be to merely cut through the 

bark, but no injury will result if the cuts are rather deeper. The 

lower edges of the bark are slightly raised with the end of the knife 
blade (fig. 130, b) to facilitate the insertion of the bud. This may 

also be accomplished by giving the knife an upward turn after mak- 

ing the horizontal cut. Now, take a stick of bud wood in the left 

hand and cut out a bud, as illustrated in fig. 129. Formerly the por- 

tion of the wood cut out with the bud was removed, but experience 



PROPAGATING THE ORANGE AND OTHER CITRUS FRUITS. 481 

has shown that this is entirely unnecessary. The upper end of the 

bud is inserted under the slightly raised ends of the bark (fig. 130, e) 

and gradually pushed upward until all portions of the cut face of the 

bud come in contact with the wood of the stock (fig. 130, d). Tf in 

proper condition for budding, the bark of the stock readily separates, 

allowing the bud to be pushed upward into position. The bud is now 

ready to wrap. Take a strip of the waxed cloth prepared as above, 

and beginning slightly below the horizontal cut wrap tightly around 

the stock over the bud in a spiral manner, each turn slightly over- 

lapping the previous one. The wax holds the cloth in place and 

makes it possible to draw it very tight. When the vertical incision 

has been entirely covered, turn the end of the strip slightly down- 

ward over the wrapped portion, to which it adheres more firmly than 

It 

Fia. 130.—Shield, or eye, budding: a, incision on stock ; b, incision with lower ends of bark raised 
for inserting the bud; c, bud partially inserted; d, bud inserted ready to wrap; e, bud 

wrapped with waxed cloth. 

is better to wrap from below upward, as in this case each turn over- 
laps the other in the right direction to prevent water running down 
the stem from entering. Nurserymen usually wrap over the bud, 

covering it entirely. Some, following the practice commonly used in 

other fruits, leave the eye of the bud exposed. This, however, is 

more troublesome and does not succeed so well. 
-. In some cases where bud wood of certain varieties is difficult to 

secure, it may be desired to use buds from the young angular wood 
(fig. 127, b). This may be used with good results if the stock to be 
budded is growing rapidly and is inasucculent condition. In this case 

the method of cutting and inserting the bud is slightly different from 
that already deseribed. In cutting the buds the stick is turned slightly 

to one side, so that as the bud is cut off the eye lies on one side instead 

12 A96 31 
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of in the center of the bud (fig. 131, a,b, and c). It is only by ecut- 

ting the bud in this way that the cut surface is made wide enough to 
hold the bud firmly in position. For inserting these buds an incision 

is made in the bark, as shown in fig. 130,a. The bark is slightly 

_ raised on one side with the point of the knife and the bud is slipped 

under in a lateral direction, the eye remaining in the vertical slit 

(fig. 131, d). The bud is then wrapped as shown in fig. 130, e. 

UNWRAPPING THE BUDS. 

In from ten to twelve days the buds will have united with the stock 

and may then be unwrapped. Im early spring, when the weather is 

cool and the growth slow, 

the wrapping should be left 

on from fifteen to twenty 
days, while in the summer, 

when the weather is warm 

and the growth rapid, ten 

days is usually a sufficient 

length of time. However, 

it is impossible to say defi- 

nitely how much timeshould 

elapse before the wrapping 

should be removed, as the 

wood of the stock should 

never be allowed to grow 

over the buds. It should 

not be removed until a light 

grayish line of new tissue 

can be seen forming around 

the edge of the incision made 

in inserting the bud. A lit- 

tle experience will enable Fia. 131.—Shield budding with angular wood: a, cut- 

ting the bud; 6, bud cut ready to insert; c, bud show- 
ing cut face; d, bud inserted, bark on right side only one to tell at what stage it 
being raised. ‘ 

is safe to unwrap. Under 

ordinary conditions from twelve to fifteen days will give good results, 

but in very dry weather in the summer, when growth is slow, it may 

be necessary to leave the wrapping on for a longer time. Some ten 
days after budding an examination should be made of a number of the 

buds, and if they are found to be well healed on, the wrapping may be 

taken off, but if not, the wrapping should be replaced and allowed to 

remain some time longer. If the wraps are allowed to remain too long, 

the wood of the stock is liable to grow over the buds and greatly 

hinder their pushing. 
FORCING THE BUDS. 

In order to force the buds to push uniformly after they have healed 

on, it is necessary to severely check the growth of the stock. This is 
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most commonly accomplished in nursery trees by lopping the tops, as it 

is called, which is usually done from three to five days after the wraps 
are removed from the buds. The lopping is usually done with prun- 

ing scissors, the knife edge being placed about 2 inches above the bud 

and the steck eut two-thirds through. The top is then bent over to 

one side and allowed to rest on the ground (fig. 132, a). 

To provide for sub- 

sequent cultivation 

and attention it is 

necessary to use some 

definite plan of bud- 

ding and lopping in 

the nursery. Two 

methods most com- 

monly followed by 

Florida nurserymen 

are to lop the tops of 

two adjoining rows 

into the same center 

(fig. 133, a), keeping 5 
the alternate centers Fig. 182._Treatment of buds: a, young tree lopped te force bud; 

b, bud and supporting stake after “lop”? has been removed. 
free for cultivation, 

or to lop the tops ef alternate rows in different directions, one row in 

each center (fig. 133, b), and place them near the rows. By the latter 

method a cultivator may be run up one row and Gowan the other, pass- 

ing always in the direction in which the tops are inclined so that the 

branches will not interfere with the cultivator. Usually the old tops 

are allowed to remain attached 

“ \ i \ i \ until the buds have attained a 

@ ofe@ © al bs e oe @ we height of from 12 to 18 inches, 

os oe co) \ he \ a \ after which they may be cut off. 
Big - a. Ay Noy, a / \ Some nurserymen have found 

ie iain v re a ‘iq ‘ that the buds make a larger 
© 6¢ 8© @ ®@ @ a ee s 3 i ee my. \ .. pS iM eon th if the old tops are allowed 
oe oe ae » 2 pe to remain attached through the 

pep Fs p A 7 i summer and are cut off in Sep- 
a Bide, tember. If this practice is fol- 

Fic. 153.—Diagrams illustrating methods of lop- lowed, two rows of trees should 
ping nursery trees: a,lopping two rows in one et é 

center, leaving alternate centers free for culti- be lopped together. The tops 
vation; b, lopping alternate rows in opposite thus form a dense shade or sort 

directions. 5 ¥ 
of mulch on the soil, keeping 

it moist and preventing the weeds from growing. In this case it is 

also desirable that the rows lopped together should be planted rather 

close (about 3 feet apart), for if this is not done the weeds will grow 

up among the tops, making it necessary to cut off the latter when the 

buds are 1 foot to 18 inches high in order to keep the weeds down. 
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In the case of vigorous-growing stocks, like the rough-lemon, it is 

said to be very desirable to leave the tops attached for some time. 

When the old tops are removed, the portion remaining above the 

bud should be cut off smooth and elose to the bud, so that it will soon 

heal over without forming an ugly sear (fig. 132, b). Some follow the 

practice of coating the freshly cut end with shellac, but others working 

on an extensive seale never do this. It is seldom that any noticeable 

benefit is derived from the practice. 

GROWTH OF THE BUDS. 

The attachment of the rapidly growing bud is at first very weak and 

it is necessary to strengthen it by tying to a stake (fig. 132, b). Some 

nurserymen practice cutting the stock rather high in lopping, and 

support the buds for a time by tying them to the remaining portion 

of the stock. The buds push much better, however, when the stocks 

are cut very close in lopping, so that it is hardly desirable to depend 

upon this method of supporting the buds, as in either case if is nec- 

essary later to supply the supporting stakes. 

The development of the buds should be carefully watched during 

summer, and they should be pruned in such a way as to produce a top 

of the desired shape. In Florida, where a low tree is desired, it is 

necessary to nip the tops when they are 2 or 3 feet high to induce branch- 

ing. The buds which push low down on the stock or bud should be 

rubbed off before they have grown to any size, as their growth detracts 

from the development of the bud. 

The best time for transplanting orange or other citrus trees is prob- 

ably during December, although they may be transplanted in January 

or February or during the rainy season. By December buds put in 

early in the spring have reached a convenient size for transplanting 

into the grove. 

DORMANT BUDDING. 

Putting in buds which are intended to remain dormant during the 

winter, or dormant budding, as it is called, is usually done in October 

or November. The process is exactly the same as described above, 

except that the tops are allowed to remain standing until the follow- 

ing spring. They are lopped in the usual manner the latter part of 

February, or just before the spring growth starts. The advantage 

of dormant budding is to secure the first spring growth in the bud, 

which is the largest growth of the year. 

SPRIG BUDDING. 

This is a form of budding frequently used on old stocks, where the 

bark is thick, in changing the variety or replacing a limb accidentally 

broken off. A scion about 4 inches long is selected (fig. 134, a), and 

the basal end sharpened by a slanting cut on one side, as shown in the 
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figure. A curved oblique incision is made in the bark, the lower 

edge of which is slightly raised with the point of the knife, and the end 

of the scion inserted and pushed between the bark and wood in an 

oblique direction until the freshly cut sur- 

face of the scion comes in contact with the 
growing wood of the stock (fig. 134, 0). 
The scion is held firmly in place by the bark 

of the stock, and the use of grafting wax or 

wrapping of any kind is said, therefore, 

to be unnecessary. 

GRAFTING. 

Grafting has not been extensively used 

in citrus culture in Florida, but as there is 

an increasing tendency to place the point 

of union between stock and graft, or bud, 

near or below the surface of the soil, this 

method will probably be more used in the 

future. There seems to be no good reason 

why it should not be adopted wherever 

desirable. Grafting should be done in Jan- 

uary or February, while the trees are still 

ina dormant condition. The scions must be ~ 

taken from thoroughly mature wood of the 

last season’s growth. Round and thorniess 

twigsshould be 

selected if pos- 

sible, although 
the somewhat Fig. i84.—Sprig budding: a, 

scion; b,scion inserted in stock. 
angular wood 

may be used if thoroughly mature. 

CLEFT GRAFTING. 

Cleft grafting, which is one of the sim- 

plest methods, may be used to advantage 

in place of budding in nursery trees where 

it is desired to place the point of union 

below the soil. A scion about 5 inches 

long is selected and the lower end sharp- 

ened to a wedge shape by two slanting 

Fra. 135.—Cleft grafting: a, base of Cuts 14 inches long on opposite sides (fig. 

scion; b, stock showing central 135, a). The young stock to be grafted 
cleft with scion inserted. ; ‘ ; 

is cut or sawed off slightly below the sur- 

face of the soil and a cleft made in the stock (fig. 135, 6). If the 

stock is larger than the scion, the latter must be inserted at the side, 

so that its cambium layer (the growing layer between the bark and the 
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wood) on one side will come in ecntact with that of the stock. After 

the scion has been pushed down into place, the stock should be 

wrapped with strips of waxed cloth, ike those used in budding, one 

or more strips being put across the top of the stock to keep the sand 

out of the cleft until the graft starts to grow. The moist soil is then 

thrown up around the graft, leaving only the upper end exposed. The 

wrapping cloth will decay in a short time, but it is probably best to 

remove it soon after the grafts begin to grow. 

TONGUE, OR WHIP, GRAFTING. 

In grafting small stocks the tongue, or whip, graft (fig. 136) is gener- 

ally used. If properly made, the tongue serves to hold the scion firmly 

in place andforms a good union. After the 

scion and stock are placed together, they are 
firmly wrapped around the point of union with 

strips of waxed cloth, as in the case of buds 

(fig. 130, e). The wrapping should be left on 

until the graft has started well, when it should 

be removed. By removing the soil somewhat 

around the collar the tongue graft may be used 

on smail nursery trees to place the union be- 

low the surface. 

CROWN GRAPTING. 

When the tops of comparatively large trees 

(3 inches or mere in diameter) are killed to the 
ground by freezing or in any other way which 

leaves the roots uninjured, they can be most 

quickly replaced by crown grafting. This 

method of grafting may be used to advantage 

on large limbs also. In crown grafting, as 
Fre. 136.—Tongue, or whip, A = : 4 poor : 
grafting : a, method of cut- practiced in Florida, a scion about 5 inches in 

ting stockand scion; b,stock Jenoth is sharpened at the basal end by a - 
with ecion inserted. ; - , 
; long, slanting cut on one side (fig. 137, a). In 

crown grafting other fruits a slight shoulder is usually left on the scion, 

and this rests on the stock when the scion is inserted. When frozen or 

killed down, the stock to be grafted is sawed or cut off 2 or 3 inches below 

the surface of the soil, where the wood is fresh and living. With the 

aid of a knife blade the bark is then slightly loosened from the wood 

at one place and the scion is pressed in between the bark and wood, 

with the cut surface against the latter. The best places to insert the 

scions are in the concave portions of the trunk, as here, in order 

to allow their insertion (fig. 137, b), the bark can be pressed out 

without breaking. Several scions may be inserted on one trunk 

if desired. The bark, if unbroken, will hold the scion firmly against 

the wood and no wrapping will be required. If, however, it should 
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be necessary to split the bark to allow the insertion of the scion, it 

should be wrapped with string or waxed cloth to hold it firmly in 

position. Moist earth is then banked up over the stump until only 
the upper portion of the scion remains exposed. In using crown 

grafts above the soil, strips of waxed cloth or grafting wax must be 

used to prevent the scions from drying out. 

ROOT GRAFTING. 

Propagating citrus fruits by root grafting has never been thor- 

oughly tested, so far as the writer is informed. In March, 1895, the 

writer was led to make several tests of this method, which, owing to the 

condition of some of the roots used, though not thoroughly satisfac- 

tory, yet strongly indicated that the method might frequently be used 

to advantage. About the first of April lateral roots, varying from 
one-half to three-fourths of an inch in diameter, were taken from 

sweet-orange trees and eut into sec- 

tions about one foot in length, each 

having a fair quantity of fibrous 

roots remaining uninjured. These 

were immediately tongue grafted 

(fig. 136) with dormant sweet- 
orange scions obtained from Cali- 

fornia, and were then planted, the 

union being placed slightly below 

the soil. The majority of the grafts 

started growth promptly, but about 

one-half of these made very slow 

progress, the growth appearing un- 
healthy. Theroots used weretaken FiG. 187.—Crown grafting : a, base of scion ; 

from trees about sixteen years old Oe ee CS aoa 

which had been frozen to the ground two months before, and this, it 

is thought, affected the results. While not recommending the gen- 

eral use of this method, the writer would suggest that the results 

obtained indicate that a bearing grafted tree may be secured in this 
way in far shorter time than by any method now practiced. The 

method would seem particularly promising where lemon, lime, or 

pomelo stocks, which root easily, are used. 

All the methods of budding and grafting described may be greatly 

changed in detail. No attempt has been made to describe all varia- 

tions, only those methods being given which have proved most satis- 

factory and which are most commonly used. 

INARCHING. 

Inarching consists of uniting limbs of the same or different trees by 

a process similar to budding. Several methods of inarching are used, 

but only the one in most common use will be described. The two 
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limbs to be inarched must be close together, in such a position that 

one may be easily bent over against the other. The operation is 

practicable only where one of the limbs is comparatively small— 

under 1 inch in diameter. The small limb is cut off by a slanting 

stroke in such a place that the cut surface faces the other limb when 

bent over against it at the point where the union is to be made (fig. 

138, a). A vertical and a cross cut, like an inverted T (1), is made 
in the bark of the large limb or stock at the point where the two limbs 

touch (fig. 138, b). The end of the small limb is then pushed up into 

the slit (fig. 158, c), as in shield budding described elsewhere, and 

strips of waxed cloth are wound around the union to hold the limbs 

firmly in place. The wrapping 

should be allowed to remain for 

a month or more, till the limbs 

have become very firmly grown 

together. Inarching is fre- 

quently used in cases where 

trees are girdled by foot rot, 

wood lice, or white ants (Term- 
ites), or in any other way. In 

foot rot, young sour-orange 

stocks, which are immune from 

this disease, may be planted 

by the side of trees in the first 

stages of the malady and in- 

arched into them 14 or 2 feet 

Fic. 138.—Inarching : a, end of limb to be inarched, above the ground. In this hike A 
showing form of slanting cut; b, incision on stock, they may almost certainly be 

with bark raised preparatory to inserting end ot saved from the disease. If the 
a, oe ey bark of the diseased tree will 

not slip, a wedge-like union, similar to the cleft graft, should be 

tried, the incision in the stock being made with a chisel. In case 

ara 

peapacs 

of girdling by white ants or animals, sprouts from the roots may be ~ 

inarched, or small trees may be planted by the side of the injured 

tree and inarched, as in the case of foot rot. Inarching is also fre- 

quently employed where it is desired to throw the strength of two 

or more sprouts into the development of one top, as in the case of 

numerous sprouts coming up around large frozen trunks. Limbs may 

be braced and strengthened by binding them together by means of 

inarching branches. ' 



IMPROVEMENTS IN WHEAT CULTURE. 

By Mark ALFRED CARLETON, 

Assistant, Division of Vegetable Physiology and Pathology, U. S. Department 

of Agriculture. 

GENERAL REMARKS. 

There is probably no agricultural product more variable as to supply 

and demand, and consequently more subject to variation in price, than 

wheat. It may bring a high price for one or two seasons and then 

fali greatly in value for several years in succession. These fluctua- 

tions are due to a number of causes, among which may be mentioned: 

(1) The fact that the natural wheat regions are, above all others, 

subject to extreme changes of climate, intermingled with seasons of 

prolonged and severe droughts being occasionally shorter seasons 

of too-abundant rainfall, all tending to make wide variations in the 

wheat harvest; (2) a rise in price causes the crop to be planted mor 

extensively, and as a consequence the supply is increased and the 

price goes down; (3) war may increase the foreign demand; (4) a 
greater market is sometimes opened in foreign countries by com- 

mercial treaties which reduce or abolish the tariff on wheat or flour 

imported into these countries; (5) an unusual demand for feed for 

stock will necessarily increase the acreage devoted to the growth of 

other cereals, especially corn, and proportionally lessen the acreage 

in wheat; (6) feeding wheat to stock, as was done over a year ago in 

the West, may materially lessen the surplus of wheat on hand; (7) 

settlements in new countries often greatly increase the acreage given 

to wheat. 

Some of these causes of variability in the profits to be derived from 

wheat raising can not be overcome merely by adherence to correct 

principles of agricultural science. There are, however, various 

instances in which there is room for an improvement in agricultural 

practice that would, without any question, make wheat culture much 

more profitable than it is at present. Indeed, during the recent period 

of low prices the uncertainty of yield and the inferior quality of the 
product had probably more to do with restricting profits than the 

actual decrease in price itself. Investigations made by the writer in 

the wheat districts of the Great Plains show that in some places an 

average of even 15 bushels of wheat per acre, at 40 cents per bushel, 
may be profitable. 
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METHODS OF TILLAGE. 

With wheat, as with many other crops, the proper treatment of the 

soil may be considered half the battle. In wheat growing a great deal 

depends upon local conditions of soil and climate, and as these con- 

ditions in any particular locality can be thoroughly understood only by 

long residence in that locality the experiment stations in the several 

States should be able to give the most reliable advice relative to the 

adaptability of wheat to any particular section. Nevertheless, there 

are a few general principles which it seems proper to discuss here. 

On large farms, which are especially common in the West, there is 

much actual area lost by sheer wastefulness in cultivation. For in- 

stance, a wide strip is left for turning ground and then perhaps not 

utilized, and again the plow may be allowed to run quite a distance 

before it begins turning afurrow. If theamountof land thus thought- 

lessly wasted could be calculated, the result would be surprising. Sup- 

pose a field of 200 aeres produces 3,800 bushels of wheat, does this 

necessarily mean a yield of 19 bushels per acre? Is it not more likely 

to be 20 bushels per acre from an area of only 190 acres actually grow- 

ing the crop? If the latter be true, there is a clear loss of 10 acres, or 

200 bushels, which, at 40 cents per bushel, would pay more than half 

the bill for thrashing the entire erop, even at a rate of 4 cents per 

bushel for the work. 

It is found, as a rule, that very early and deep plowing is best. This 

is especially true in arid regions, where conservation of moisture is a 

very important matter. In such districts subsoiling may be practiced 

also to advantage, according to the nature of the subsoil.! 

For spring sowing plowing should generally be done in the fall, 

and for fall sowing plowing should be done soon after harvest. In 

spring-wheat districts summer fallowing is sometimes practiced. 
This gives a much-needed rest to tho land during constant wheat erop- 

ping. Root or forage crops may, however, occasionally serve the same 

purpose, besides being a source of additional profit from the land. 

After considerable experience and investigation, the writer has come 

“to the conclusion that a roller should never be used on the Western 

plains, except in the case of late plowing, and even then it should be 

used only before drilling. This is owing to the fact that roughness of 

surface is valuable for holding moisture and checking the injurious 

action of dry winds. The seed bed should be made very fine and 

mellow before drilling, and wherever possible the drill rows should 

run east and west. Strict attention to such general principles as the 

foregoing will result in an increase in certain seasons of as much as 5 

or 10 bushels per acre. 

?For an extended discussion of tillage for arid regions, see Prof. Milton Whit- 
ney’s article in the Yearbook of the U.S. Department of Agriculture, 1894, p. 129, 

under ‘‘ Conditions in soils of the arid regions.” 
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TIME OF SHEDING. 

The proper time for seeding varies, of course, with the latitude, 

while depending also oceasionally on the locality and on the variety 

used. But whatever the conditions otherwise, it is a safe rule to sow 

at a period which is considered early in the locality where the sowing 

isdene. Experiments conducted at several State experiment stations 

and in Canada show somewhat remarkable increases in yields, due to 

early seeding. In the case of four different seedings, made at inter- 

vals of one week, the average results for two to four years showed a 

difference in yield of from 10 to 26 bushels per acre between the earli- 

est and the latest seedings, the difference being in favor of the former. 

Tn apparent contradiction of the foregoing statements, it seems to be 

pretty well established, though as yet scarcely satisfactorily explained, 

that spring varieties when used for fall planting must be sown quite 

late. The seeming contradiction, however, is perhaps only apparent, 
for in regions where the character of the climate permits, an extremely 

late fall sowing, say as late as December, may as correctly be called a 

very early spring sowing. Indeed Turkey, Odessa, and allied varie- 

ties in ordinary seasons may be sown in western Kansas and Nebraska 

in any month of the winter with equal probabilities of success. In the 

Northwestern States especially only hardy winter varieties should be 

used for carly fall sowing. Spring varieties will kill out in such lecal- 

ities, although abundantly able to make a good start when planted 

early in the spring. Varicties best adapted to winter seeding in the 

Northern States are perhaps yet to be found, and this brings us to a 

consideration of the selection of varieties. 

SELECTION OF VARIETIES. 

In considering this question perhaps one of the first things to bear 

in mind is the utter uselessness of giving any attention to announce- 

ments made by certain quack seed growers of new varieties that make 

such astonishing yields as 50 to 60 bushels per acre where the farm- 

er’s best average before had been only 25 bushels. The very fact of 

such a claim being made for a variety at once stamps it as a fraud. 

Besides the exaggerated claims made for the new variety, there isalways 

an excessive charge of perhaps $15 per bushel, which is generally a 

second evidence of fraud. Itis a matter of regret that reliable seeds- 

men are occasionally compelled to compete with such men. What- 

ever may be in store for the future improvement of cereals (and the 

writer believes there is much), there is not at present a known variety 

in the world that will, of itself, without proper attention to rational 
methods of farming, give an excess yield over other varieties of as 

much as 25 bushels, or in fact of as much as even 10 bushels. Nor 

can any variety be so much better than others in this respect as to 

justify a price of $15 per bushel—a price which many farmers have 
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paid. It is the recognized province of the experiment station in each 

State to determine what varieties are best adapted to particular locali- 

ties in the State, and if they are not informed as to such matters others 

are not likely to be. 

The judicious selection of varieties is a matter of much importance. 

There are, no deubt, certain scientific principles which, if better 

known, could be almost wholly and safely relied upon in choosing 

varieties for certain localities. Even with our present knowledge 

much may be gained in future by proper attention to such matters. 

Having given special study to this subject for a number of years, the 

writer feels justified in presenting the following conclusions with a 

fair degree of assurance: 

(1) There are three great groups of wheats with which this country 

is particularly concerned: (a) The soft bread wheats, (b) the hard bread 

wheats, and (c) the durums, or macaroni wheats. 

(2) Dividing the United States crosswise into three divisions of 

approximately equal width, the three wheat groups may, in a rough 

way, be assigned, according to their adaptability, to these three divi- 

sions as follows: (a@) The hard wheats to the Northern States, (b) the 
soft wheats to the States in middle latitudes, and (c) the durums to 
the Southern States. In actual experience such distribution is, of 

course, not exactly attained, because the durums are but little grown 

in this country. When tried here, however, they do best in southern 

latitudes, as, for instance, in Texas, where they have been grown 

with suecess; and, moreover, the hard and soft bread wheats are 

grown interchangeably as to latitude. However, the general distri- 

bution of the three groups is about as above. 

(3) The terms most commonly applied to the three groups are hard 

wheats, soft wheats, and durums. The last named are also hard 

wheats, but are very different in character from the first group. 

The soft wheats are called club, square head, white, ete. 

(4) The hard wheats are, as a rule, hardy and especially drought- 

resistant. They resist the orange-leaf rust (Uredo rubigo-vera) quite’ 
well, are perfectly adapted to roller milling, and contain a large per 

cent of gluten, thus making the best bread. 

(5) For the general market, therefore, special attention should be 

given to raising these hard wheats. No ordinary bread wheat does 

well in the extreme South, but there should be greater effort to push 

hard wheats into middle latitudes, such as in Kansas, Missouri, Ohio, 

southern Iilinois, and Indiana. This has already been done to some 

extent and should be continued. 
(6) In foreign markets Kansas hard winter wheat flour has already 

gained a reputation distinctively its own, and is classed by some as 

next to the best Hungarian grades in quality. 

(7) The sooner millers make a more general use of hard wheats the 

better, for these are sure to be the varieties most in demand and those 
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which will grow most successfully in the greater portion of the wheat 

belt. It is little more than a decade since hard wheats were rarely 
seen in the region south of Iowa and Nebraska, but now they are the 

kinds generally grown in the States of the plains. 

(8) Much of the work of adapting hard wheats to middle latitudes 

has been done by acclimatizing northern spring varieties, thereby grad- 

ually changing them to winter sorts, but it is a question whether it is 

not better to introduce hard winter varieties direct. 

(9) As before stated, the finest class of bread wheats in the world is 

grown in southeast Russia. As this region is characterized by a deep, 

black earth (‘‘Chernozem”), an arid climate, long and severe winters, 

and hot, dry summers—conditions very similar to those which prevail 

in our own wheat be!t—these wheats should by all means be more exten- 

sively tested in the United States than they have been. The wheats in 

question are both winter and spring-sown varieties. The plants can 

be readily distinguished at some distance when grown with different 

varieties in small plats, as they are dark green; slender; with long, 

narrow leaves; small, narrow, compressed heads; small, very hard, red 

grains, and often (in spring varieties) have a velvety surface. The 

Turkey, Ames, various sorts called Odessa, Meekins, Mennonite, 

Krimsh, De Theisse, Girka, Budapest, ete., are examples of such 

varieties. The high-grade Chubut wheats of southern Argentina are 

also of much the same quality. 

(10) The average per cent of dry gluten contained in ordinary bread 

wheats is about 10, but many of these hard Russian sorts contain 

over 14 per cent. 

(11) Hard wheats do not usually give remarkable yields, but their 

average for a series of years will often exceed that of soft wheats, 

and they almost invariably weigh more per bushel. 

VARIETIES FOR SPECIAL PURPOSES. 

In wheat growing it is of importance to note that certain kinds of 

wheat are best adapted for certain uses. As already stated, the hard 

wheats, as a rule, make the best bread. The kind of flour demanded 

in foreign markets, however, depends much upon the locality to which 

it is exported. It is said, for example, that our northern wheat flour 

is not as desirable in Central American markets as that made farther 

south. At the Galveston elevators it is claimed that it does not keep 

so well in transit. The bulk of the hard wheats shipped to England 

is nearly always mixed with soft wheats before grinding. 

The manufacture of macaroni has recently given promise of much 

success in this country. It is claimed, however, by some that the 

quality of the Italian product is unmistakably better than that of the 

home product, and that the preference given to the latter by many is 

due chiefly to the difference in price, the American brands usually sell- 

ing at 23 cents per package less than the Italian. It is doubtfulif there 
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is much truth in this, but if so the difference in quality in favor of 

Italian brands is mest likely due to the difference in varieties of wheat 

used in the manufacture. In Italy the durum wheats grown so gener- 

ally in the warm regions near the Mediterranean Sea are used exclu- 

sively for this purpose. It will be seen, therefore, that the further 

encouragement of the macareni industry in this country will possibly 

develop a considerable home market for durum wheats, which give 

promise of successful growth in the Southern States, especially Texas. 

Investigation will show that American macaroni is already finding its 
way into foreign markets. 

In the manufacture of crackers the best quality of soft white wheat 

flour is required. The great bulk of the fiour used for this purpose 

in English factories is imported by them from the St. Louis mills, 

which turn out soft wheat fiour mainly. 

CROSS BREEDING OF WHEAT. 

This is a comparatively new feature in agricultural science, but its 

effectiveness in improving the wheat plant is nevertheless now well 

recognized by agriculturists generally. Some of the best-known varic- 

ties which were produced by cross breeding and are now firmly fixed 

are those of Pringle and Professor Blount in this country, and Carter 

Bae. in England. In move recent years R. & J. Garton, of England; 

Farrer, of New South Wales; Professor Saunders, of Canada; Prof. 

Wy Hay s, of Minnesota; A. N. Jones, of New York, and others, have 

iaaeaee in the same way a great number of new varieties, most of 

which, however, are not yet sufficiently well established to indicate 

what their value will be. Over one hundred of the varieties produced 

by Farrer have been tried by the writer in this country, but most of 

them have succumbed to the severe climate of our wheat region. As 

a rule, however, they show much more vigor than the ordinary varie- 

ties from that aa and some of them bid fair to establish them- 

selves firmly in the United States as desirable varieties. 

There is no doubt avast field for improvement of cereals in this - 

way, and it would be well for the experiment stations to give this 

subject more attention. Cross breeding adds so much vigor, and 

wheat is such a strictly self-fertilizing plant, that it would probably 

be of much value to at least occasicually practice cross pollination 

eyen between separate plants of the same variety, and thus obtain 

a fresh start, with renewed vigor, from the offspring of such crosses. 

But aside from the general effectiveness of cross breeding there are 

particular cases in which it is of very great value. For instance, if a 

hardy bearded variety which is well adapted to a certain locality and 

a good yielder is crossed with a baid variety of merit, the beards may 
be gotten rid of and the good qualities still retained; or varieties 

which are liable to rust, but are otherwise good may be made more rust 

resistant if eressed with a variety possessing this quality. 

© 



IMPROVEMENTS IN WHEAT CULTURE. 495 

SELECTION OF SEED. 

Many experiments made in recent years show the advantage of 

using large and vigorous seed in growing various field and garden 

crops, but it is only lately that attention is being given to the use of 

such seed in wheat growing. At present experiments are being made 

at several different places to test this point with reference to wheat, 

three grades of seed—small, medium, and large—being used. Too 

much attention can not be given to this subject. Many choice varie- 

ties have been developed by selecting from a field certain unusu- 

ally good heads, planting the grains of these separately, and there- 

after selecting the best each year. It has already been satisfactorily 

proved that the old idea that rust-shriveled grains give as good returns 

as large, healthy ones iserroneous. About the year 1876 a semihard, 

red variety, known as Grass wheat (probably an Odessa sort), became 
quite popular in northern Kansas, and was widely used for ten or 

twelve years thereafter. However, as the variety was adapted for 

either fall or spring sowing, and the spring-sown crop was always 

inferior to the fall-sown, the consequence was that two grades were 

produced from the one varicty. As the fall-sown crop brought the 

better price, it became the practice to sell all the winter wheat and use 

tke worst of the spring crop for fall seeding. It was claimed that this 

practice made no difference in the quality or quantity of the winter 

wheat, but about 1888 Grass wheat began losing favor among wheat 

growers, having lost much of its original good quality, and finally 

gaye place to Turkey, Fultz, and other varieties. Now, there is no 

doubt that the deterioration of this variety was due, in great part at 

least, to the constant use of the very inferior shriveled spring grain 

for fallseeding. Many other instances of the so-called ‘‘ running out” 

of varieties is probably due mostly to similar causes. However, even 

under the best treatment it is a pretty well-established fact that 

certain varieties, when introduced into new localities, will in time 

change quite materially in quality of grain. This is especially likely 

to be the ease with hard northern sorts when transferred to warmer 

and moister southern latitudes. Probably the only remedy in such 

eases is to make an occasional fresh importation of seed. 

The matter of seed selection is of such vital importance that prob- 

ably nothing would be of more benefit to the wheat grower than the 

establishment of special small seed plats of, say, 1 to 5 acres, from 

which to select seed each year. The following plan is recommended: 

At harvest time cut from a good field a strip of the best portion, first 

eliminating all rye and other foreign heads and large weed seeds. 

After thrashing the wheat from this strip, grade it by means of a fan- 
ning mill with special sieves made for the purpose, so as to obtain 

only the largest and most vigorous grains. Use the best grade of 

wheat both for sowing the small plat and for the general crop the 
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next season. The next year use none of the field crop for seed, but 

after grading the wheat from the small plat, as before, use the very 

best of it for sowing the small plat and all the remainder for sowing 

the large field, and so on from year to year. In this way seed is never 

taken from the general crop, which can not be given the same care as 

the small plat, and there is a constant selection of seed, which is more 

and more rigid every year. Moreover, there is no extra labor involved, 

except the small amount required for grading the seed each year. 

It is stated that systematic selection of seed wheat is already being 
practiced by a few Michigan wheat growers, but in just what way the 

writer can not state.! 

DISEASES OF WHEAT. 

SMUTS. 

The subject of cereal.smuts and their prevention has been brought 

to the notice of agriculturists so frequently that it will not be dis- 

cussed in detail here. It is strange that a treatment so simple, cheap, 

and efficacious as that with hot water or potassium sulphide is prac- 

ticed so little by farmers, especially in the Northern States, where 

bunted wheat is so common that millers complain of it constantly. 

Ali millers in Minnesota and the Dakotas should absolutely refuse to 

receive bunted wheat, or at least should severely dock the seller. In 

this country there is certainly no longer any reasonable excuse for the 

presence of bunt, or stinking smut, as bulletins describing in detail 

the treatment for smuts have been distributed over the entire coun- 

try by the Department of Agriculture and the State experiment 

stations. 

The loose smut of wheat has never yielded to these preventives in 

any satisfactory way. Of interest in this connection is the series of 

experiments conducted by Mr. F. L. Maddox, of Eastfield, Tasmania, 

the result of which may throw much light on the life history of loose 

smut and probably show why the same preventives have failed to be 

as effective, if effective at all, against this smut as against bunt. 

The results derived from the experiment were, briefly, as follows: 

(1) Artificial inoculations of the wheat head with loose smut while 

flowering produced no smut in the head that season, but the grains 

when planted produced smutted heads the following season; (2) treat- 

ment of the grains of the inoculated heads with hot water and potas- 

sium sulphide treatment has no effect in preventing smut the following 

year, though the same treatment was quite effective with the bunted 

wheat. The natural inference is that in case of the grains from heads 

artificially inoculated with loose smut the fungus, having already 

infected the seed, can not be killed without injuring the grain. These 

1 For a further discussion of this topic, see Bolley on ‘‘ Rational selection of wheat 

for seed,” Bulletin No. 15, North Dakota Agricultural Experiment Station, April, 

1894, 
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experiments, apparently carefully performed and accompanied as 

usual with sufficient checks, seem not to have been noticed in this 

eountry. | 

RUSTS. 

It must be admitted that as yet there is no preventive or remedy 

for wheat rust, at least as far as combating the rust directly is con- 

eerned. For some time strong efforts have been made in several dif- 

ferent countries (including the field experiments by this Deparment 

for two years) to discover and establish rust-resistant varieties, but 

so far only partially successful and rather conflicting results have 

been obtained. It has been found that certain varieties are highly 

resistant to the orange-leaf rust, and that some of these varieties are 

fortunately the best bread wheats, being hardy and having hard grains 

with good milling qualities. They are, however, not generally good 

yielders. Even among the varieties of the bread-wheat group a few 

are found to be somewhat rust resistant, but otherwise do not possess 

good qualities, and again quite a number are hardy and productive, but 

are not rust resistant. Varieties that are quite rust resistant in Aus- 

tralia sometimes become badly rusted here, and this is true even to a 

greater extent of American sorts in Australia. There are differen- 

ees in resistance of the same variety in different localities in the same 

country. Such variation is most likely due to changes in the consti- 

tution of the plant caused by changes of climate. Our hard Ameri- 

ean-grown Fifes are known to become much softer when grown in 

Australia. 

On account of the great variation and consequent uncertainty in 

the rust resistance of varieties, it seems that the production of early 

varieties, that will ripen soon enough to escape the rust, is nearly, if 

not quite, the most important feature in sowing wheat. Our Early 

May (though a rather soft sort), the Roseworthy and Allora Spring 

of Australia, and a few Japanese sorts are worthy of notice in this 

respect. In the States of the plains the early varieties have the addi- 

tional advantage of being more likely to escape shriveling of the grain 

by drought. Besides this, even the most rust-resistant varieties are 

occasionally much injured during the seasons when the rust is unusu- 

ally bad or the wheat unusually late in ripening. 

The writer is confident, however, that after all, the orange-leaf rust 

does very little, if any, damage to the grain in this country, although 

perhaps if injures the straw considerably; and that all experiments, 

including the writer’s, heretofore made by botanists in this country 

with a view to prevention or remedies, have been entirely with the 

wrong species of rust. From personal observation and inquiries 

extending over four years, the writer believes the inevitable con- 

clusion is that in all cases of really serious damage to the grain by 

rust the black-stem rust (Puccinia graminis) is the real cause, 

12 A96 D2 
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although the other species may also be present in abundance. In 

such cases the extreme degree of injury is seldom, if ever, realized 

by those who are not financially concerned. The grain becomes 
shriveled up to almost nothing in from one to three days, and the 

straw at harvest time is almost rotten and is easily rubbed into 

small bits. The accompanying illustration (fig. 139) of heaithy and 
shriveled grains of Jones Winter Fife wheat, from two distinet 

localities in Kentucky, harvested in 1894, shows the disastrous 

effects of this black-stem rust. Such blasting effects, however, 
occur, as a rule, only in southern latitudes, but are oceasionally 

seen in Ohio, Michigan, Indiana, and southern ITinois. In the. 

South the destruction is quite often complete, and in such cases 

the fields are pastured instead of harvested in order to get as much 

good from them as possible. In Texas vast districts of some of the 

Fia. 159.—Healthy and shriveled grains of Jones Winter Fife wheat. 

best wheat lands of the plains have been abandoned by wheat growers, 

solely on account of the destructive effects of this parasite. So faras 
known, there is no resistance against this rust by any variety. The 

very hard durums, which are practically proof against orange-leaf rust, 
yield readily to the black-stem rust. As yet the life history of the 
rust in this country is not wholly understood, and until it is there ean 

be but little hope for the wheat industry in the South. 

On the whole, then, the outlook for wheat culture in this country is 

good, provided proper attention be given to the many possible improve- 

ments such as herein suggested. Wheat is just like any other prod- 

uct, in that prices are badly affected by an oversupply of a poor 

article. A moderate production of a good article, brought about by a 
diversified and scientific system of farming, with a proper outlet for 

the product, is sure to develop and maintain a profitable industry. 



PRUNING AND TRAINING OF GRAPES. 

By E. G. LODEMAN, 

Late Assistant Horticulturist, Cornell (N. Y.) Experiment Station. 

INTRODUCTION. 

To most people the art of the vineyardist is a mystery; in fact, the 

vineyardist himself is very frequently puzzled unless he has studied 

the various modifying circumstances and conditions which exert an 

influence upon his vines; and yet, when the entire subject of grape 

culture is considered with regard to its underlying and fundamental 

features, the mass of minute details lose their apparent importance 

and a few essential facts stand out clearly, forming a framework 

upon which the living and variable methods may be arranged with 

due respect to their relative importance. The haze which has hung 

over what should be the simple operations of pruning and training the 

grape has discouraged many from examinirg into the comparatively 

easy problem of determining the most simple and economical line of 

treatment to be followed. 

As the grapevine is seen growing in wild nature it is found to be a 

vigorous, self-asserting plant, steadily overcoming one obstacle after 

another and frequently climbing to great heights by means of its leng, 

slender branches, which are provided with tendrils that enable it to 

retain possession of its ever-widening domain. When such an ener- 

getic and successful plant is compared with its dwarfed and geomet- 

rical neighbor of the vineyard, there is abundant reason for wonder as 

to how the wild and rampant child of the woods could be so radically 

transformed into a small, compact growth, which evidently feels its 

commercial importance and quietly settles down to steady work. Yet, 
the change can be made with comparative ease, and the various steps 

of the operation are at present illustrated in the numerous commer- 

cial vineyards of the world. 

The vines of many Italian vineyards have for centuries been trained 

over trees in imitation of the trellis furnished the vines by nature. 
Fig. 140 shows this primitive method of grape training. Five or six 

vines are planted about each tree, and by means of stakes and strings 

or wire the shoots are carried to the branches. Here they are very 

commonly allowed to roam at will, the only pruning that is done being 

to cut back more or less of the shoots produced each year. The trees 

are planted so close together that the vines often extend from one 

tree to the next, thus forming a continuous tangle of grapevines and 
499 
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trees. Although this method can searcely be termed pruning, still 

it is an advance; and the fruit borne is also to a limited extent bene- 

fited by such thinning. Where grapevines are allowed to run over 

arbors, they generally receive similar treatment, but in such cases 

dense foliage is sought more than fine fruit. Such practices are, as 

a rule, wholly unsystematic, and therefore can not be discussed in 

connection with our best methods. 
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Fig. 140.—An Italian method of grape training. 

A few terms must be clearly understood before any of the details 

of grape training can be satisfactorily considered. The following 

definitions explain many terms used in this article: 

A shoot (fig. 141, s) is a green or immature growth less than one 

year old. 
A cane (fig. 141, d) isa matured shoot, as found at the end of one 

year’s growth. i 
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An arm (fig. 141, g) is a matured cane, two or more years of age; its 

length and form are not changed from year to year, its office being 

to produce canes or branches. An arm is also frequently called a 

*‘eordon,” especially by Europeans; the cordon is spoken of as hori- 

zontal, vertical, or oblique, depending upon tke direction in which it 

lies on the trellis. 
A braneh (fig. 141, 2) is an arm which varies in form and length 

from year to year, being modified by the addition of spurs, or by the 

cutting away of older portions of its body.! It is commonly composed 

of spurs more than one year old. 

A spur (fig. 141, 6) is a shortened or pruned cane, generally bearing 

only from one to four buds; if cut longer, such a portion is commonly 

spoken of as a cane and not as a spur. 
Spurring refers to the operation of cutting back a cane to the length 

of a spur. 

Fic. 141.—Ideal vine, showing different methods of cane renewal. 

Stem, or trunk (fig. 141,72), refers to that portion of the vine found 

- below the origin of the lowest arms or branch; it extends to the ground. 

In the Kniffin system, the stem proper generally extends to the top 

wire of the trellis. 

The operation of pruning the vine is performed for the sole purpose 

of removing such wood as will not bear, or such as is supposed to 

interfere with the production of the finest crop of fruit that the plant 

3A branch as here defined is equivalent to the term ‘‘spur” as used by some 
authors. The majority of writers, however, consider a spur as being a cane cut 
back to a small number of buds, as defined in the text. It seems desirable to dis- 

tinguish these two parts of the yine. The Germans designate the enlargements 
which result from such repeated cutting back, or ‘‘ spurring,” as ‘ stammknoten” 
(stem knots); this is practically equivalent to a ‘‘ branch” as above considered, 

although in America the enlargements are not commonly seen. 
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is able to mature. Its primary object, therefore, is to reduce the 

amount of bearing wood and thereby thin the fruit so that the roots 

of the vines are not taxed beyond their capacity. 

Fig. 142 represents a vine which has been systematically eut baek 

every year, and which is once more ready for its annual pruning. 
The various portions are lettered, ¢ being the stem; g, the arms; D, 
spurs; d, the canes of last year; s, the matured shoots of the last 

growing season. Not entering here upon the subject of renewal, 

which is treated in detail elsewhere, we will assume that the pruning 

is to be done only for the purpose of removing superfluous branches. 

All the fruit is of course borne upon the shoots which grow from the 

buds now found upon the canes; the canes, therefore, must be re- 

moved and not the older wood, for the latter serves as the framework 

upon which the canes are maintained. 

. \\ wien Sh 
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Fic. 142.—Vine trained on the Brocton high renewal system, ready for pruning, as shown by the 
cross lines at the bases of the cld canes. 

In cutting away the canes, all wood which has not properly matured 

should be removed,! and those shoots which have made an excessive 

growth, forming ‘‘bull canes,” are also undesirable. The medium- 

sized, short-jointed, and well-matured wood is to be preferred, and 

such woed only. Yet, some of this well-developed wood must also 

1The best instrument to use in grape pruning is a pair of stout, sharp pruning 

shears; a heavy knife will answer the same purpose, but it is not so easily handled. 

A saw is of no use, except for taking out old arms or stems. Summer pruning is 

performed with the aid of a light instrument which readily cuts green tissues; 

common shears are often used, as well as long thin-bladed knives, sickles, ete. A 

ragged cut should always be avoided. 

——— 
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be sacrificed, until the amount allowed to remain upon the plant is 

reduced to the proper proportion. Assuming that the plant can 

mature the fruit produced by twenty-four buds (the number of buds 

left may vary from two to fifty or more), about thirty buds could be 
allowed to develop. These should be uniformly distributed according 

to the system of training employed; they may be left upon five canes, 

each cane having six buds, as shown in the illustration, or the distri- 

bution may be varied according to circumstances. But such is in gen- 

eral the method adopted in the vineyard for estimating the proper 

amount of bearing wood to leave upen each vine. Asa result of such 

systematic pruning, the fruit upon the vine is larger and more fair; it 

is also produced more regularly, since the maturing of too'heavy a 

crop weakens the vine so that it is unable to mature even an average 

amount of fruit the following year. A vine properly pruned and fer- 

tilized should bear about the same amount of fruit each year from the 

time it comes into full bearing. A secondary benefit derived from 

pruning is the reduced stature of the plant. This allows more vines 
to be set upen a given piece of land, and it enables the work of 

cultivating, spraying, and harvesting to be performed much more 

easily and profitably. 

Training, on the other hand, is almost wholly a matter of conven- 

ience. I+ does not affect the strength of the vine or the value of the 

crop in any essential particular. The training of a vine refers to the 

disposal or arrangement of the various parts of the vine after pruning 

has taken place. The method of training adopted determines the 

operator to leave certain growths in certain positions, not because 

more or better fruit is expected, but for the reason, perhaps, that the 

fruit may be harvested with greater ease, that a laborious operation 

may be wholly dispensed with, or that there may be less danger to the 

maturing crop from winds or other natural agencies. The method of 

training adopted by a vineyardist is largely the result of personal pref- 

erence, or of education, although soil and variety are important fac- 

tors in the selection of asystem. The health and vigor of the vine are 

rarely affected by the method in which it is trained, and although 

some system of training must be adopted in every vineyard, still alto- 

gether too much weight has been laid by most horticultural writers 
upon the peculiar merits of the various systems, while the actually 

ruinous effects of bad pruning have not always been sufficiently 

emphasized. A vine properly trained is desirable, but a properly 

pruned vine is essential to the highest success. 

The importance of this subject necessitates a somewhat detailed 

statement of the principles which are vitally connected with the proper 

pruning of the vine. These principles serve also as the foundation 

for all systems of training, and they can not be ignored without more 

or less injury to the plants. 

(1) The amount of fruit which a vine can bear and mature in 
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highest perfection is limited; when this limit is exceeded the fruit 
deteriorates. 

(2) Upon the fruit the effect of overproduction is to reduce the size 
of the berries and of the clusters, and probably also to impair the 

quality; the vine makes a poor growth, the foliage is small, and the 

vigor of the plant is generally reduced. Whenavine has been allowed 

to overbear, especially when it is young, years may sometimes be 

required before the vine returns to its normal condition. 

(3) A plant which is carrying less fruit than it is capable of matur- 

ing generally produces a very heavy foliage and an excess of wood. 

This may probably be explained by the supposition that the energies 

of the plant are directed almost entirely to vegetative activity. 

(4) The most difficult and important feature of grape pruning is to 

be able to judge of the kind and amount of wood which should be 

allowed to remain upon the plant. This amount is dependent upon 

soil, variety, climate, character of the season, and to a limited extent 

upon the method of training. The paramount importance of having 

a properly balanced top and root system is most fully realized by 

American vineyardists of long experience. Years of study, especially 

the study of the variety of grape and of the soil upon which it is grow- 

ing, are brought to bear upon each individual vine when it is pruned, 

and in no direction can the skill of the vineyardist be more clearly 

demonstrated than in questions regarding the amount and kind of 

bearing wood that is allowed toremain. No rule-of-thumb will cover 

a living and sensitive organism like the grapevine; in pruning, judg- 

ment must be exercised at almost every step. But itis fortunate that 

considerable variation may be allowed without serious consequences, 

or the profitable culture of the grape would indeed be a hopeless task. 

Yet, the less the reliance placed upon this allowed variation the better 

will be the vine. 

(5) All the fruit of the vine in any one year is borne upon the shoots 

of that year, which grow from the canes produced the preceding year; 

and since the number of clusters borne upon a single shoot is fairly — 

constant (varying generally from one to three), the number of buds 

left upon a vine when it is pruned determines with considerable aceu- 

racy the number of clusters which the vine will possess. These facts 

serve as the chief guides to the operator in the vineyards when esti- 

mating the probable capacity of a vine during the next season of bear- 

ing. Usually more buds are aliowed to remain than would be safe if 

each one were sure to be perfect; an excess of 10 to 20 per cent is gen- 

erally left in New York vineyards to take the places of such buds as 

are imperfect, or of those which become injured. 

(6) The position of the bearing wood upon a vine is of secondary 

importance as regards the effect upon the quantity and quality of the 

fruit; but as a frequent change or renewal of the entire top of the vine 

appears to be desirable, the young bearing wood should be as near 
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the root of the plant as circumstances will allow. When the impor- 

tant relation of these essential points to successful grape growing is 

thoroughly considered, the secondary character of the training of 

the vine becomes apparent. A system of training may become popu- 

lar in a locality simply as the effect of some trifling cause, and not as 

a result of extended comparisons or experience; it is well understood 

and therefore used. Yet, there is scarcely a system which is not more 

or less modified by the individual grower—so much so that often many 

variations of some well-known method will be found in the same 

locality. Each vineyardist is a stanch supporter of his own method, 

and the conclusion which one must necessarily reach is that the grower 

is the main factor, the system being merely a convenience capable of 

much variation. Yet, every important grape-growing district has 

one or more characteristic methods of training its grapevines. This 

plainly shows that such methods are well suited to the locality and to 

the varieties of grapes grown there. For this reason they deserve 

study, as well as comparison with other methods in successful use. 

When the advantages and disadvantages of the various typical 

systems are once well understood, it is a comparatively easy matter to 

select one which will prove successful even under peculiar cireum- 

stances. In case of necessity an entirely new method may be adopted 

to suit the requirements of a certain locality; all that is essential is to 

adapt the system to the principles stated above and to limit all modi- 

fications in accordance with them. 

METHODS OF TRAINING. 

The systems at present in use for training the grape are many, but 

fortunately they may be reduced to a much smaller number of type 

forms. These types, for convenience, may again be separated into 

three general groups; although this subdivision is not as logical as 

might be desired, on account of several intermediate forms, it still 

assists admirably in showing the relationships of the various forms, 

and it will serve as the basis for the discussion following. 

The groups are primarily separated from each other by a single 

character, viz, the position of the fruiting portion of the bearing 

shoots. This portion may be trained in three directions: (a) Upward, 

forming the upright systems; (b) horizontally, forming the horizontal 

systems; (c) downward, forming the pendent, or drooping, systems. ! 

(a) THe UPRIGHT SYSTEMS. 

The class comprising the upright systems of grape training includes 

a larger number and a greater variety of methods than either of the 

other groups. The forms vary also in complexity to such an extent 

1 This classification was first made in Bailey’s American Grape Training, 1893. 
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that the simplest as well as the most complicated systems may here 

be found. <A thorough understanding of the latter may be much 

more easily obtained if the simpler forms are first considered. Sum- 

mer pruning is not practiced in any of the American systems of this 

group in common use. 

THE STAKE, OR POST, SYSTEMS. 

These systems belong almost entirely to the upright group, there 

being but one or two forms which should be elsewhere classed. The 

stake systems are particularly popular in Europe and in California, 

the European grape, in outdoor culture, being very commonly trained 

in this manner. 
The influence of the soil upon the vigor of plants of the same vari- 

ety of grape can scarcely be overestimated. Upon rich soils a ramp- 

ant growth is produced, while on poorer land the plants become more 

or less dwarfed. This variation in the size of the plants causes the 

systems of training the same variety of grape to vary in different lecali- 

ties. It is upon the less fertile land or with weak-growing varieties 

that the stakes are principally employed. The vines growing in the 

high altitudes of the Alps are often exceedingly dwarfed, so much so 

that the number of buds upon a plant is frequently reduced to only 

two or three. The annual growth is also trifling, not aggregating 

more than 3 or 4 feet during a season. In such eases the vines have 

but one stem and no arms; the canes are regularly cut back to one or 

two buds, and the shoots produced by these are tied to stakes driven 

into the ground. The growth is therefore practically all upward, 

and the fruit hangs near the surface of the soil. 

Upon richer land the shape of the plant is modified considerably, 
but the same principles are applied in training. Instead of having a 

simple stem, from the top of which one or more shoots are allowed to 

grow, the stem at its summit divides into a varying number of branches. 

Fig. 143 shows a vine grown in this manner. The shoots are trained 

in different ways in different localities. They may be merely tied 

together, as shown in the illustration, or the shoots of one plant may 

be fastened in the same manner to shoots from other plants, as is done 

in the Miramont system. Stakes are most frequently driven into the 

soil, and these serve as supports to the upright growing shoots. 

The length of the stem also varies considerably in different local- 

ities. In the vineyards about Provence, France, the branching is 
produced almost at the surface of the ground, and when the vine is 

pruned the parts above ground show irregular somewhat star-shaped 

masses of wood; the stubs of the shortened canes extend upward 

from these short, sprawling branches. In Beaujolais the branch- 

ing takes place several inches above the surface of the ground; 

and in Languedoe the stem is still longer, as shown in fig. 143. These 
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systems are sometimes referred to as the ‘‘goblet” systems, since 

when the shoots are tied together the plant bears a certain resemblance 

to such a glass. As a rule, these vines make comparatively little 

growth, and the canes are severely cut back each year. 

The more vigorous American vineyards can not be trained satis- 

factorily in this manner; even when some of the weaker sorts are to 

be grown upon stakes heavier and longer pieces are necessary. These 

posts may be set at intervals of 6 or 8 feet each way and firmly placed 

in the ground. Since the canes are left fairly long in this country, 
they are frequentiy 

placed spirally about 

the post and then tied. 

In California, where the 

post systems are almost 

exclusively adopted, the 

head of the vine is only 

a short distance from 

the ground. When the 

Vines are pruned, three 

or four canes are left to 

each piant, and these 

canes are not cut much 

shorterthan 5feet; they ae 

are then tied to the post. en 

The shoots which are ve 
formed may also be tied = 
upright to the posts 

until they extend over 

the top; they are then 

allowed te droop at will. 

But if this tying is ne- 

glected, as is frequently 

the case, the majority 

of the shoots will grad- 

ually bend over on ac- sy be 
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count of the weight of eGR 
the fruit, and eventual- Fia. 143.—An upright system of grape training commonly 

ly hang as in the pend- 
seen in European vineyards. 

ent systems. The number of pendent canes will vary with different 
varieties; nearly all the shoots of the Delaware grape grow downward 
under such circumstances, while the Catawba possesses a much more 

upright tendency. The Delaware grape and other moderate growers 

are more successfully trained in this manner, but the vigorous sorts 

of the Concord type do not readily allow themselves to be confined 
in such close quarters. 

Another system of post training differs radically from the above, 
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Instead of being spurred or branched near the surface of the soil, the 

stem is carried upward in a spiral to the top of the post, and the short 

arms, of which there are generally two or more, are formed at the 

summit. The canes are cut back to the desired number of buds, and 

the shoots grow freely downward. 'This system, which is followed in 

some parts of western Michigan, really should be included in the third 

class, but as it is commonly known as a variety of the post system it 

is here considered with the others. 

Leaving these simple systems, in which the method of training pre- 

sents no complicated features, a much more complex group will be 

considered. The shoots are still trained upward, but their position 

is, theoretically, determined with almost mathematical precision. 

THE HORIZONTAL ARM SPUR, OR FULLER, SYSTEM. 

This system presents the above features in a particularly formal 

manner, and when the details of this method are fully mastered the 

other systems present no special difficulties. It is not so fully dis- 

cussed on account of its wide use (for, as a matter of fact, the hori- 

zontal arm spur system is little in favor among vineyardists), but rather 

because it offers an opportunity to show in an almost ideal manner 

most of the points which arise in connection with nearly all the other 

systems in this as well as in the other two groups. Its principal merit 

therefore lies in its value for illustrative purposes. 

When a grapevine is first set in a vineyard, it closely resembles the 

plant shown in fig. 144. Such a rooted cutting may be one or two 

years old, the former being preferable in the majority of cases. The 

cane is cut back to two buds, and during the first season its shoots are 

allowed to lie prone upon the surface of the soil. 

Assuming that all the pruning is done a short time before the arrival 
of the growing season, at the beginning of the second year the newly 
set vine will have a well-established root system and two canes of vary- 
inglength. The weaker of these canes should now be removed entirely 

and the other should be cut back so that it remains about 18 inches in 
length. If cut in this manner, the cane is sufficiently long to reach 

to the lowest wire when the trellis is made. By some, however, the 

cane is again cut back to two buds, as in the preceding year. This 

causes the stem to branch near the surface of the ground, instead of 

at the lowest wire. Either method may be followed to advantage, 

although single stems render cultivation more easy. This cane, what- 

ever its length, is to form the stem of the vine, and as there are to be 

two arms, as shown in fig. 142, g, only two of the strongest shoots 

need be retained after the growths are sufficiently advanced for their 

comparative vigor to be seen. It is better that all the other shoots be 

then removed, so that the two which are to remain may become the 

stronger. But if the unnecessary growths are not removed until the 
following spring no material injury will be done to the vine. 

” 
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At the beginning of the third season the vine consists of a root system 
three years old, of a stem mostly two years old, and of two canes grow- 

ing from the upper portion of the stem each one year old. These 

eanes should be cut back so that they will not extend farther than 

one-half the distance to the next plants in the same row; weak-grow- 
ing varieties should be cut back still more, the important point to 

observe being that the amount of wood shall be reduced to such an 
extent that the vine will not overbear. In case the canes destined to 
form the arms are cut so short that they do not extend to the canes of 

the adjoining plant, the shoot springing from the last bud should, the 

fourth season, be cut long enough to fill its share of the vacant space 

between the vines. 

The trellis should be put in the vineyard during the second season, 

although it need not be fin- 

ished. The use of the lower 

wire, which should be from 20 

to 24 inches from the ground, 

is desirable, as it allows the 

shoots which are to form the 

permanent arms to grow in 

the position they are to re- 

tain, and the pruning can also 

be more easily done. Two 

other wires should be added 

some time before the begin- 

ning of the next, or third, 

growing season. The second 

wire on the trellis should be 

about 20 inches above the 

first, and the third an equal 
distance above the second. Ser 
These distances may require Fia. 144.—One-year-old rooted grape cutting. 

some change with varieties which are exceptionally weak or strong 
growers. Hither No. 10 or No. 12 ungalvanized iron wire will answer; 
the former is of especial value when the posts are set far apart and in 
positions where an extra strain is put upon the trellis. All the wires 
should be firmly stapled to the windward side of the posts, yet the 
wire should be allowed to slip in the staples. 

The posts should be of some durable wood, as cedar, locust, white 
oak, ete. They should be long enough to allow them to be set firmly 
in the ground, and then to stand about 5 feet in height. The distance 
between the posts varies in different vineyards. The vines are set at 
distances varying from 8 by 8 to 10 by 10 feet, and the posts are so set 
that from two to four vines stand between two posts; upon light soils 
the longer interval is none too great, for in such cases the vines may 
be set more closely. 
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The end posts of each row must be firmly braced, so that they may 
remain upright when the strain upon the wire becomes severe. Many 

methods of bracing are in use. One of the most common is to drive 

a broad stake firmly in the ground from 8 to 12 feet from the end post, 

placing it between this post and the next one in the same row. <A long 

brace is now made to fit snugly between this stake and a shallow 

notch which may be cui about halfway up the post. (See fig. 157.) If 

the brace is placed nearer the top of the post, the latter is apt to be 

pulied slowly out of the ground if a heavy strain is put upon the top 

ni Another common method is to brace the second post in each 

w by running a strong wire from its tip to the base of the end post. 

This forms a very neat and effective anchor. <A third method is to 

run the wire from the top of the end post to a stake driven in the 

ground from 8 to 10 feet beyond the trellis and in line withit. Such 

stakes should, of course, be driven in a sloping direction, so that they 
may more easily resist strain. 

he wire is not fastened to the end posts by staples, as is done in 

the rest of the vineyard, for it varies considerably in length after hay- 

ing been fastened to the posts. The cold of winter shortens it con- 

siderably, and several devices have been invented to avoid the strain 

caused by this shrinkage. The weight of the vines also causes the 

wires to stretch more or less, and some practical method of tightening 

them is probably of greater importance than loosening them for the 

winter. Some simple form of reel, or a pin which may be turned when 

desired, will answer the purpose well. Many homemade devices of 

this nature are now in use, as well as some which are patented. They 
permit the trellis to be kept trim and taut at little expense. <A very 

simple and practical way is to use a clamp, pulley, and rope for tight- 

ening the wire, and then to wind the slack about the post two or three 

times. The end of the wire is finally brought around and wound a 

few times about the stretched portion. This method is in common 

use. 

Although these directions refer particularly to making a trellis for 

vines trained upon the horizontal arm spur system, they still apply 

in many respects to other forms of the upright systems. Whatever 

may be the method of training a vine, in building a trellis it must be 

remembered that the fruit is borne near the base of the shoots (fig. 
141), generally within a space of about 18 inches from their point of 

crigin. Consequently, it is at this point that ample support should 

be given. .In the horizontal arm spur system the bulk of the fruit 

is of necessity borne between the two lower wires, and these bear a 

large portion of its weight. The burden is at first only partially 

cae by the third wire, but as the shoots are generally allowed to 

row without check they scon cover the trellis, and the total weight 

of the vine is very evenly distributed. 

Let us now return to the pruned vine at the beginning of its third 

ill taal 

| 
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season’s growth. The two canes which are to form the arms have been 
properly shortened and tied to the lowest wire by means of some soft, 

strong cord; willow shoots are often used. The buds (fig. 141, &) upon 

the canes are soon pushed into rapid growth, and the shoots (s) are at 

first heavy and easily broken by winds. This is a critical period in a 

vineyard, for the loss of the shoots means the loss of the fruit for that 

season. As soon, therefore, as the growths are long enough to reach 

the second wire they are tied to it, and the crop is thus browght into 

comparative safety. It may be necessary to go through the vineyard 

two or three times in order to secure all the shoots, but unless the 

work is thoroughly done the losses may be very great. The material 

used in this ‘‘summer tying,” as the work is commonly called, may 

consist of any soft substance which is not too strong or too durable; 

grass, straw, bast fiber, raphia, and similar materials are frequently 

employed. They serve to hold the shocts in place, yet when the vines 

are pruned they do not interfere seriously with the removal of the 
severed canes from the trellis. 

After the shoots have been tied to the second wire, they are gener- 

ally allowed to take care of themselves. Most of them reach the 

third wire, and from this they may droop over even to the ground, or 

they may start to follow any of the three wires. Summer pruning is 

rarely practiced. 

The heaviest annual pruning of the vine is done during the months 

of the year when the plants are dormant. In some European gardens 

the work is practically done twice. The first pruning takes place in 

the fall, after the foliage has dropped; this work is done by an expert 

and the canes are cut to the proper number of buds. But instead of 

cutting within a quarter or half inch from the terminal bud left upon 

each cane, the length of the wood projecting popes these terminal 

buds may be 2 or 3 inches. Then the following spring cheap labor 

is employed to remove the long stubs left the prece sali ng aut 

the pruning is complete. 

In America, the vines are most commonly pruned in early spring, 

before the first heavy flow of sap. In certain sections, as in western 

New York, not very much thought is given as to whether the vines 

will “bleed” or not. This indifference is frequently carried so far 

that the bulk of the pruning is done when the flow of sap is the heav 

iest, and the treated vines lose such enormous quantities of sap that 

they appear as if dripping from a heavy shower. No ill effects appear 

to have resulted from such practices, and the bleeding has had but 

little influence in determining the season of pruning. A vineyardist, 

however, will be on the safe side in pruning his vines before they will 
bleed, 

Pruning a vineyard, as practiced in the East, may be divided into 

two distinct processes, ‘‘ blocking” and ‘“‘stripping.” Blocking con- 
sists of pruning a vine as nearly as possible without the removal of 
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any of the brush. It requires long experience to do the work rapidly 

-and well. The pruner estimates the probable capacity of the vine, 

compares the values of the canes which may serve as bearing wood 

the next season, removes those which are least desirable, and shortens 

to their proper length those which are to remain. 

Stripping, as its name suggests, consists in forcibly tearing off the 

trellis the severed parts of the vines. These are thrown between 

the rows, to be removed either by wagon or by dragging through the 

vineyard a pole, 18 to 25 feet in length, by means of a chain attached 

to it at a point about 6 feet from one end. By this latter contrivance 

nearly every cane is caught up. 

Although these two terms apply more particularly to the methods 

. commonly practiced in Eastern vineyards, they also 

stand for similar processes where a vineyard trained 
upon the horizontal arm system is under treat- 

ment. But with this system the blocking of the 

vines is a comparative- 

ly easy matter. As- 

suming that the vines 

thus far considered in 

detail have passed 

their third season of 
growth and are in 

readiness for their next 

pruning, the work is 

done as follows: The 

eanes which have been 

matured from the buds 

upon the arms of the 
vine must be spurred 

back to about two buds 

SS each (fig. 141, 6). This 
Fig. 145.—Annually lengthening branch. doubles the number of 

buds upon the plant as compared with the preceding year, and conse- 

quently doubles the yield for the fourth year. In case the arms from — 

adjoining plants do not extend to each other, the cane formed from 

the last bud upon the arms must be bent down to the lower wire and 

tied so as to extend the arm to the desired length. The framework of 

the vine is then complete, and after stripping, the vineyard is ready 

for its growth of the fourth season. 

The pruning for the fifth season is practically the same as for ee 

fourth. There are, however, two canes to be shortened where last year 

there was but one. The buds may be reduced to the same number as 

before by cutting one cane away entirely and reducing the other to 

two buds, or the number may be increased by leaving both canes. In 

this way the number of buds may be controlled at will. 
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After the capacity of the vineyard has been determined, the prun- 

ing becomes a less difficult operation. The canes are each year cut 

back to the same number of buds, as already described. But the 

continually lengthening branches (fig. 141, h) soon become unsightly, 
and they must be renewed by young shoots from their bases. Fig. 

145 shows a branch three years of age. Occasionally the branches 

are allowed to become much longer and much more irregular. On 

this account the system has not become very popular, although, theo- 

retically, it is one of the best. 

THE HIGH RENEWAL SYSTEM. 

This system is very similar to the preceding; it is in fact a modifi- 

cation, which allows the general plan of the horizontal arm system to 

be used successfully in large vineyards, and it is almost the only one 

in use in the many vineyards of the lake region of central New York. 

The essential improvement in this system consists in the use of canes 

Fiaq. 146.—Pruned vine trained on high renewal system. 

in place of the permanent arms above described. Fig. 146 represents 

a bearing vine trained in this manner, and at first sight it will be seen 

to possess many features of the horizontal arm spur system. But 

closer examination shows that the permanent arm (q), if it may be so 

ealled (it is frequently a spur), is extremely short, while horizontally 

placed canes (d) extend nearly halfway to the next plant. From 

these canes the bearing shoots are trained upward, as in the hori- 

zontal arm system; the shoots are tied to the upper wires in a similar 
manner. Vines trained according to the two systems are frequently 

almost identical in general appearance. 

But the horizontal cane of the high renewal system must each year 

be replaced or renewed by another, and special provision must be 

made that such a cane may always be present when it is wanted. 

These canes are commonly produced from the very short arms (fig. 

146, g) or from spurs b, which are left at the top of the stem of the 

12 aA96——33 
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vine. The number of these spurs may vary from one to four, depend- 

ing upon the richness of the soil and the vigor of the variety. As a 

rule, the weaker-growing sorts, or vines upon fairly light land, are 

most suecessfully trained according to this system, and the number 

of spurs left each year need not exceed two. Usually no trouble will 
be experienced in securing two canes from each of these spurs, but 
one cane from each spur, when cut to the proper length, will bear a 

sufficient number of buds for the capacity of the vine. The other 

canes may be spurred. Upon stronger soils, where more spurs are 

used, the number of canes is increased to three, four, or more. In 
such cases two canes may be tied horizontally to the lower wire, one 

on each side of the plant; two others are similarly fastened to the 
next wire above, although they are occasionally tied to the lower wire 
with the first pair. They are always placed in a horizontal position. 

The stem of the vine may consist of one part, or it may be branched. 

Ordinarily it does not branch until near the lower wire, and then it 

divides into a varying number of arms and branches; these with their 

spurs form what is known as the ‘‘head” of the vine. The head 

varies exceedingly in form, but it always consists of the shortened 

arms, branches, and spurs, which bear the canes to be laid down upon 

the wire for fruiting purposes. A very desirable head is one which 

branches just below the lower wire and has each of the two arms sup- 
plied with two or more branches with spurs. The vine shown in fig. 

146 answers most of these requirements, and is a fair representative 

of the system. 

The trellis used for vines trained on the high renewal system is 
practically the same as that described for the horizontal arm spur 

system. It frequently occurs that vigorous varieties are grown upon 

strong land, and, as much wood is produced, the trellis should be so 

modified that it will support the heavy weight of fruit and foliage. 

In such eases a No. 10 wire will be none too heavy, and four wires will 

also prove superior to three. The fourth wire should be placed about 

18 inches above the third. Longer posts must also be used. 

Summer tying should begin when the shoots reach the wire above 
them. From two to four tyings will be necessary to put the vines in 

the best shape, and although the last number is rarely given, in lux- 

uriant vineyards the advantages derived will repay the extra cost. By 

distributing the tops as evenly as possible over the trellis, air and sun- 

light are more freely admitted and the cost of picking is reduced. The 

pruning of the vine is also made easier, and the grower should take a 
greater pride in his vines when he sees them firmly and systematically 

attached to their supports. 

THE BROCTON, OR CHAUTAUQDA, SYSTEM. 

This system is the almost exclusive method of training grapes in 
the Chautauqua grape district. Strictly speaking, this method does 
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not belong to the group having the shoots trained upward; for in the 

Brocton system the shoots may be in a position which would place 

the system in any of the three groups which have been founded upon 

the direction in which the bearing portion of the shoot is placed. Yet, 

it is placed in the first group on account of the close relation which 

exists between these methods and the high renewal and horizontal 

arm spur systems. 

The conditions which have given rise to the Brocton system are 

somewhat peculiar, and the methods indicate special adaptation to 

local requirements. Brocton is the center of the grape-growing indus- 

try of Chautauqua County, N. Y., and the land surrounding the village 

isnotably fertile. The Concord grape makes a wonderful growth upon 

certain soils of the locality, and the most common way of checking 

the excessive vigor of the plant is to leave a great number of buds 

on the vines when pruning. It is no unusual sight to see a pruned 

vine with fifty or sixty buds upon the canes, and in some rare cases 

even a greater number may be left. If this number of buds were to 

be left upon vines trained according to any of the preceding systenis, 

it would be found somewhat inconvenient to place all the wood in 

satisfactory positions. The Brocton system tends to avoid this diffi- 

culty, and it is therefore one of the best systems to adopt for vigor- 
ous varieties growing upon strong soils. 

The distinguishing feature of the Brocton system is the position of 

the canes. These are upright, but the lower portion may extend hori- 

zontally along a wire, to remove the upright part farther from the 

center of the plant. These upright canes usually extend to the top 

wire of the trellis, and they vary in number from two or four to eight 

or ten, generally one-half of the canes being on each side of the plant. 

Each cane has from five to ten buds upon it, so that the total number 

per plant can be very easily ascertained, and a large or small amount 

of wood be left upon the trellis as desired. 

Having thus outlined the general plan of tho Brocton system, there 

still remain to be distinguished two types or varieties which differ 

from each other considerably. As a matter of convenience, they will 

be given separate names, although they still retain their position as 

varieties of the rather vague Brocton system. It will be less confus- 

ing if the following names are employed: The Brocton horizontal 

arm system and the Brocton high renewal system. 

The ‘‘ Brocton horizontal arm” system is much like the horizontal 

arm spur system figured on page 540; the chief differences are the 

absence of spurs and the greater length of cane in the Chautauqua 

method. The arm, however, is retained practically as long as in the 

horizontal arm spur system. The spurs are almost entirely dropped, 

for generally a sufficient number of canes ean be found growing from 

the arm to supply the necessary number of buds. These canes 

spring directly from the old arm which is fastened along the lower 
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wire, and they are cut long enough to reach a few inches above the 

upper wire of the trellis. Each year the canes of the preceding sea- 

son are entirely removed, being cut close to the arm, and others are 

put up in their places. Spurs can not be entirely avoided, for the 

necessary amount of wood might not always be available; they are, 

however, employed as little as possible. 

The ‘‘ Brocton high renewal” system is plainly different from the 

preceding. The system has for its foundation the high renewal sys- 

tem illustrated on page 515, but it has developed into a more intricate 

method on account of the greater amount of wood retained. (See fig. 
141.) The number of canes put up is generally from four to eight, 

and these are cut sufficiently long to reach just above the top wire. 

These canes are taken from as near the center of the head of the 

vine as possible, as is done in the ordinary high renewal system, and 

the number of short arms and spurs is reduced even to a greater 

extent than in the latter system. In fig. 162 the origin of the canes 

may be clearly distinguished; they may spring from wood that is 

from two to several years of age. The principal test as to the 

desirability of a cane is not so much whether it originates from this 

or that kind of wood, but rather if it is strong, healthy, and properly 

matured throughout its available portions. For a detailed discus- 

sion of the renewal of these canes, see under ‘‘ Renewal.” 

Many vines may be found in the Chautauqua vineyards in which 

these two systems appear to approach each other. Some vines have 

rather short arms, which are nevertheless permanent, and others 

have them reduced nearly to the dimensions of branches. The 

short arms are very often found upon the lighter soils, or where the 

plants have been too closely set. These gradation forms are treated 

practically the same as the types in regard to methods of renewing, 

pruning, tying, ete. 

In pruning, or ‘‘ blocking,” the vines trained upon either of the Broe- 

ton systems the process is practically the same as described elsewhere. 

The number of buds which the vine is to earry is first estimated. 

Then the number of canes necessary to supply the buds is determined ; 

and the next step is the selection of desirable canes and their pruning 

at the proper point. After the vineyard has been ‘‘stripped,” the vines 

are seen to consist of stems, arms, branches, and spurs, and of loose 

canes. The canes must now be tied to the wires. Formerly this was 

done by means of willow twigs, but since 1894 the use of wire for this 

purpose has steadily increased. The wire is applied as follows: The 

top of the cane is pressed away from the operator against the top wire 

of the trellis; the tying wire, which should be a piece of annealed 

No. 18, about 4 inches long, is now placed with its center against 

the cane in a direction parallel with the trellis wire, but a trifle above 

it; with the two thumbs, one on each side of the cane, the tying wire 

is bent forward and downward; the forefingers of each hand now press 
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it still farther down and then bring it backward so that the thumbs 

may again press it upward and over the wire in the position shown in 
fig. 147. This tie is extremely firm, and, as there are no growing parts 

beyond it, there is no danger of girdling the cane. This method is to 

be commended for its cheapness, rapidity, and efficiency; nor do the 

wires present any serious obstacle to stripping the vines. If other 

parts of the vine require tying before the growing season, soft twine 

or willow may be used; such ties should, however, be made loose, else 

the free flow of sap may be obstructed. 

Summer tying of vines trained according to the Brocton systems is 

entirely avoided. The shoots are allowed to grow as they will. They 

generally find some support in the form of wire, canes, or other shoots 

before much damage is done by wind or rain, and thus a great expense 

is avoided. It is true that the vines do not always present as neat an 

appearance as might be de- 

sired, but in other respects 

the systems have much in 

theirfavor. Thefruitis well 

distributed, well supported, 

and the difficulties of prun- 

ing and tying are reduced to 

a minimum. 

The trellises built for the 

Chautauqua vines have a 

few distinguishing character- 

istics. The posts are made 

long, especially upon rich 

soil, so that they stand fre- 

quently over 6 feet in height. 

The lower wire is placed 

about 380 inches from the 
ground, the second from 24 to 

30 inches above this. In case three wires are used, which is not very 

commonly done, an interval of about 2 feet is left between them, 

bringing the upper wire about 6 feet from the ground. No. 10 wire 

is a good size to use where the growth is heavy, especially at the top. 

Fig. 147.—The Chautauqua vine tie. 

THE GUYOT SYSTEM, 

This system has some of the features of the post and of the high 

renewal systems. During the first two years the plants are grown as 

for the horizontal arm system. At the beginning of the third year, 

one cane is spurred back to two buds, the shoots from these buds being 

trained upright to a post. The other cane is cut from 2 to 4 feet long, 

and is then laid down along the lowest wire. The shoots from this 

cane are trained upright to the second wire. Only two wires are com- 

monly used, and these are supported by stakes, one of which is driven 
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into the ground at the stem of each plant. At the close of the third 
year the horizontal arm and its canes which bore the fruit are entirely 

cut away; one of the upright canes is now bent down to replace the 

fruiting one, and the other upright cane is cut back to two buds. 

This process is repeated from year to year, the new canes and shoots 

springing from the spur at the head of the plant. This system is 

popular in some French vineyards. 

THOMERY AND CHARMEUX SYSTEMS. 

Many other systems of grape training might be included in this 

group. The celebrated systems of Thomery and Charmeux, which are 

well known in Europe, afford interesting examples of systematic 

grape training. These systems are forms of the horizontal arm 

spur system; but they are very elaborate methods, in which several 

tiers of arms are retained, one above the other; much labor and skill 

are required to grow vines in this manner, and in America such train- 

ing is not practiced in commercial plantations. These two systems 

are briefly described under ‘‘ Renewal,” page 539, as they are only 

used with plants grown upon walls. 

(b) THE HORIZONTAL SYSTEMS. 

The systems of grape training in which the bearing portions of the 
shoots are regularly disposed in a horizontal position are not so nu- 

merous nor so important as are those described under ‘‘The upright 

systems.” Nevertheless, some of the systems require description. 

A few horizontal arm systems can be found in American vineyards. 

The line separating this group from others can not be sharply drawn, 

and for this reason only the more typical methods will be considered. 

While it is true that many of the shoots in certain post systems main- 

tain a horizontal position (and this applies also more or less to the 

Brocton high renewal and even to some forms of the pendent systems), 

yet, in only one or two cases is special attention given to this point. 

As a rule, this position is naturally assumed by the vines without at- 

tention or interference on the part of the grower. 

THE ARBOR SYSTEM. 

Arbors and similar structures when covered with vines possess many 

bearing shoots which retain a horizontal position; but as this result 

is reached without regard to any system, this entire class of grapevines 

may be omitted from detailed discussion. 

An exception, however, should be made in the ease of the Scup- 

pernong grapes of the South. These can be most successfully grown 

only upon arbor-like structures. The vines can not be satisfactorily 

pruned on account of the excessive bleeding which takes place, and 

for this reason they are permitted to retain all the growth that is made. 

If parts are removed by fire, no bleeding takes place. 
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The most common practice is to carry the stem of the vine 5 or 6 

feet high, so that there will be sufficient headroom underneath, and 
then to let it branch as freely asit will. The vine is grown on a hori- 

zontal trellis, and as the area covered by the plant gradually increases 

from year to year, the trellis is extended, and eventually one vine may 

cover about a fourth of an acre of land. The trellises are generally 

made of posts of the necessary height and upon them a framework is 

built; old boards, poles, ete., are laid on this. Such a trellis is cheap, 

and it serves its purpose well. 

A continuous arbor system is now in use to a limited extent in the 

Hudson River Valley. Figs. 148 and 149 show plainly the general plan 

of this unique system. The stem of the vine is carried upward to a 

distance of 6 or 7 feet, high enough to allow cultivation underneath 
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Fig. 148.—The continuous arbor sy apet unpruned vines. 

with a team. A number of spurs are retained at this point, and from 

these the desired number of canes is obtained. In the vines illus- 

trated in fig. 149, the number of canes left upon each plant is four or 

five; each cane carries from six to eight buds, so that the total num- 

ber of buds per plant will be from twenty-five to thirty-five. Fig. 148 

shows in what position the bulk of the fruit is borne. The shoots 

extend horizontally across the trellis, and although some tying is nee- 
essary to distribute the pruned canes early in the season, the vines 

require but little further attention. 

The advantages and disadvantages of this system are apparent. 

The pruning of the vines is difficult, as the canes are so high above 

the ground that the operator must stand upon some support in order 
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to reach them. Stripping, tying, and harvesting are also done under 

difficulties. But, on the other hand, the summer work is light, the 

shoots are well distributed, allowing the free entrance of sunlight 

and air, and the fruit is well protected from injury from high winds and 

other causes which tend to injure or disfigure the berries; in fact, the 

fruit grown in this manner is exceptionally fine. 

The rows of posts are placed 8 or 9 feet apart, and the plants may 

be set equal distances in the rows. Two vines are grown in the inter- 

val between the posts. The wires, of which there are four or five, are 

fastened at regular intervals to the crosspieces which extend from the 

top of one post to the one opposite in the next row. Every alternate 
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Fig. 149.—The continuous arbor system, pruned vines. 

space between the rows remains uncovered, as one arbor supplies 

support for two rows of vines. 

THE CROSS-WIRE SYSTEM. 

The cross-wire system is another method of training which appears 

to be confined in this country to the Hudson River Valley, and even 

there it is used only to a limited extent. But at Jurancgon, Basses- 

Pyrénées, France, this system is regularly followed. Poles are used 

in place of the wires, however. Fig. 150 represents vines trained in 

this manner. The stem of the vine is about 7 feet long, as in the pre- 

ceding method. At its summit are the branches and spurs, but the 

number of canes annually retained upon them is only four. One 

cane is tied to each of the wires which extend in four directions from 

the post to which the stem of the vine is fastened. The posts are 
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set at intervals of 8 or 9 feet each way, and two wires which cross 

each other at right angles are fastened at the top of each post. This 

system does not, strictly speaking, belong to this group, for with some 

varieties the bearing shoots are mostly pendent, although with others 

many follow the wires and thus continue in a horizontal direction. 

Its general features, however, so closely resemble those of the contin- 

uous arbor system that the two are placed together. The advantages 
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Fig. 150.—Cross-wire system of grape training. 
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and disadvantages of the two systems are practically the same, and 

although vines trained according to each method may be found in the 

same vineyard at Marlboro, N. Y., neither has proved to be suffici- 

ently superior to the other to cause one to be abandoned. 

THE OVERHEAD KNIFFIN, OR CAYWOOD, SYSTEM. 

The overhead arbor Kniffin, or Caywood, system belongs to this 
group, as the bearing portions of nearly all the shoots remain in a 

horizontal position. (EF or a discussion of the true Kniffin system, see 
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page 529.) Thesystem is plainly intermediate between the two preced- 
ing forms, as shown in fig. 151. Tall posts alternate in the rows with 

the vines, and near the top of each post is firmly fastened a ecross- 
piece which serves as a support for the wires. This piece is about 3 

feet in length, and about 6 feet from the ground. Two wires are 

fastened to it, one at each end, and a third is fastened to the post. 

Thus, there is formed a three-wired horizontal trellis which extends 
the length of the rows. The head of the vine is just underneath the 
central wire, and from this point the canes radiate. Fig. 152 repre- 

sents the top of an unpruned vine, while fig. 153 shows the same after 

pruning. The canes are taken from the short arms and branches 
which form the head, and after pruning they are fastened in different 
directions to the vines. The number of buds desired upon the plant 
controls the number and length of the canes. 

It would naturally appear that the shoots which spring from the 
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Fiac. 151.—Overhead Kniffin, or Le wood, system of grape training. 

canes would droop and swing free below the trellis. Many of them do 

eventually assume this position, but the bulk of the bearing wood 
remains on the wires. 

The overhead Kniffin system has several points in its favor. The 
wood and fruit are mostly out of harm’s way, and the ground below 
is left free for occupation by other crops. Fig. 151 shows how cur- 
rants are grown between the rows of vines; in such cases, of course, 

the land must be heavily fertilized to prevent injury to either crop. 
The disadvantages of the method have already been considered in 

connection with the preceding system. 

THE MUNSON SYSTEM. 

The Munson system is a modification of the overhead Kniffin. In- 

stead of using only one post to support the erosspiece upon which the 
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wires rest, two are set in; these posts are in contact at their lower end, 

but they diverge so that at the top they are about 3 feet apart. <A 

wire is stretched along the upper ends of each of these two rows of 

posts, and between them, but somewhat lower down, a third one is 

placed. It is held in position by a wire which is swung between each 

pair of posts, and which takes the place of the crosspiece in the over- 

head Kniffin system. These three wires therefore form a V-shaped 

trellis, upon which the vines rest. Asin the preceding system, the 

head of the vine is just below the middle wire, and is fastened to it; 

but the number of buds is distributed among only two to four canes, 

and these are all fastened to the central wire, and not to all the wires 

of the trellis. The 

bearing shoots at 

first grow upright, 

but they soon bend 

over, and many of 

the growing tips 

hang down from 

the outer wire. 

The bearing por- 

tion, however, re- 

mains practically 

horizontal. 
The only sum- 

mer pruning that 

is practiced is to 

pinch off the ends 

of the bearing 

shoots after the 

plants have blos- 

somed. Summer 
tyingisalsoavoid- Fic. 152.—Unpruned vine trained on the overhead Knifiin, or Cay- 

ed, the shoots be- Prem: 
ing pulled down so that the growth beyond the bearing portion may 

be pendent. 

The canes which are each year retained are selected in much the 

same manner as described for the high renewal system (page 513). A 

similar method is followed in the overhead Kniffin, as well as in some 

of the systems mentioned in the pendent group. 

THE CRITTENDEN SYSTEM. 

The Crittenden system is successfully followed in a few vineyards. 

It is practically the same as the overhead Kniffin system, but differs 

essentially in the height of the posts. One post and crossbar bear 

the three wires. The posts are scarcely over 4 feet high, and the wire 

trellis in some eases is not much more than 3 feet from the ground. 
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The vines fall freely over the side wires, frequently making a very 

dense shade under the trellis; this is of course undesirable on account 

of the favorable condition for the development of disease. 

Prof. Hugh N. Starnes, of the Georgia Experiment Station, writes 

that one of the most promising systems for the South is one which com- 

bines certain features of the two preceding systems. Only one post 

is used where two are set according to the Munson system. Across 

the top of this post a crosspiece is fastened, and from this three wires 

are run the length of the trellis. These wires are placed in the form 

of a y, and they are carried 6 or 7 feet above the ground. The canes 

which produce the bearing shoots are all trained along the central 
lower wire, in which re-° 

spect this system differs 

from the overhead Knif- 

fin as generally followed. 

HUDSON HORIZONTAL SYSTEM. 

This typical form of 

horizontal grape training 

may be found in a num- 

ber of vineyards situated 
near the Hudson River. 
Figs. 154 and 155 illus- 

trate the system clearly. 

The stem of the vine is 
about 15 inches high; 
from its upper part a 

cane is carried to the top 

of the trellis, and then it 

is bent toward one side 

and tied to the top wire 

of the trellis, as shown in 

Fic. 153.—Pruned vine trained on the overhead Knifiin,or fjo, 155. It is made so 

Cay wood, system. sd 
long in order that the 

plant may be supplied with a proper number of buds. The trellis car- 

ries only two wires, the lowest being about 21 feet from the ground; 

the top one about 3 feet above the first. These wires are not designed 

to bear directly the weight of the vines, but slats are fastened to them, 

and these slats support much of the weight of the fruit and foliage. 

By examining fig. 154 it will be seen that one slat, a lath being com- 

monly used, is placed on each side of the vine, and about a foot from it. 

The lath is stapled so that only a few inches project below the lower 

wire, while about a foot extends above the upper. 

As the shoots in early summer become long enough to allow of their 

being tied to these upright slats they are so fastened as to be held 

in practically a horizontal position. Frequently two more slats are 

used, one being placed about 12 inches from each of those at first put 
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on; eventually the shoots are also tied to these; such upright pieces 

should be considered as forming an integral part of the trellis. They 

are firmly stapled to the wire, and remain there until they decay or 

become broken. 

The head of the vine shown in fig. 154 is of especial interest, since 

it shows the method by which almost the entire bearing portion of the 

vine was girdled. Below the girdled point are three canes, which 

served to supply the roots with nourishment, and one of them (in this 

ease the lowest on the right-hand side) will be used in forming the new 

top, as shown in fig. 155; the rest is nearly all cut away, only sufficient 

wood being left to 

supply new shoots 

near the top of the 

stem, as had previ- 

ously been done. 

Modifications of 

this system are 

found both in 

American and Eu- 

ropean vineyards. 

In the MHWudson 

River Valley the 

vertical slats are 

sometimes absent, 

but two or three 

extra wires on the 

trellis answer the 

same purpose. As 

the shoots from the 

upright cane de- 

velop, they cling to 

the wires without 

the aid of summer 

tying, or at most 
° Fi@. 154,— , i i i izon- but v ery little of 1a. 154.—Unpruned vine Sapa. soa gi to the Hudson horizon 

AAAI : 
gE ee ; 

this work is done. 

The shoots in consequence do not assume a perfectly horizontal posi- 

tion, but they ascend at an angle of about 45°. The bearing portion 

of the vine is renewed each year. 

In several of the large vineyards of the Médoc, near Bordeaux, 

France, a system is found that is similar, in many respects, to the 

Hudson system. The one essential difference is that the upright cane 

is there permanent, and it forms a vertical arm, or cordon, which is 

spurred from each side, the spurs being kept as short as possible. 

The shoots which annually grow from these spurs are fastened hori- 

zontally to the wires of the trellis, the number of wires varying from 
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four to six or more, as the vigor of the plants may require; the 

distance between the wires is from 12 to 15 inches. This system is 

equivalent to a vertical cordon, a form which is commonly used on 

walls and in certain greenhouses. It has also been termed an ‘‘ up- 

right stoek with alternate spurs,” the description of the system being 

fairly well included in the name. 

THE LOW HORIZONTAL SYSTEM. . 

Médoe espalier, or the low horizontal system of Bordeaux, France, 

is one which gives excellent results upon certain light soils of that 

famous region. Thestem of the vine is not more than 10 or 12 inches 

in height (fig. 156), and at its summit are two short arms with spurs. 

The canes are cut back each year to one or two buds, and the shoots 

which grow from these are trained horizontally, one or two on each 
side of the stem, to a strip of wood or to a wire which extends along 
the rows at a distance of only 15 or 18 inches from the ground. A 

post is ordinarily placed midway between the adjoining vines of the 
same row, and the horizontal supports are fastened to them. When 
the shoots have grown so long that they reach these posts, the grow- 

ing tips are pinched off; this forces many of the axiliary buds of the 
shoots into growth, and when these laterals 

have grown about a foot they are in turn 

pinched back, so that the fruit may receive 

as large a supply of sap as possible. The 

instruments used for this summer pruning 

may be an ordinary knife, pruning shears, 

or some other convenient tool; a sickle- 

shaped blade is very often used in France, 

especially for cutting the upright standing 

laterals. In the Médoc espalier the grapes 

are borne near the ground, and this is sup- 

posed to have avery beneficial effect upon 

the quality of the fruit; the temperature 

surrounding the berriesis said to be higher, 

both in the daytime and at night, than is 
the case with grapes borne upon higher 

ean trellises. Someof the finest and most ex- 

Fic. 155.—Pruned vine trainedac- pensive wines of Europe are produced from 

aa the Hudson horizon- ~—_ eranes grown in this careful and painstak- 
ing manner, for the yields per acre from 

such vines are not verylarge. Thissystemis also employed upon soils 

which require larger trellises, but the general plan remains the same. 

THE ANNIS SYSTEM. 

Probably the system which is adopted in Annis, Lower Charente, 
France, brings the shoots nearer to the ground than results from any 
other horizontal training. The canes are each year cut back severely, 
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and as they are borne upon branches that rest almost upon the surface 

of the soil the new growths start from a very low elevation. These 

shoots are not tied upright, but they spread out horizontally, occupy- 

ing a circular area which may be from 3 to 5 feet in diameter. Asa 

rule, they are not supported so as to keep the foliage and frui 

above the surface of the soil; and they have therefore sprawled in all 

directions. In certain seasons such treatment is followed by serious 

injury to the fruit, and many losses have resulted. The system has 

little to commend it, except the almost total absence of labor as re- 
gards training. 

GRAPE TRAINING UNDER GLASS. 

The majority of the systems adopted for training grapes grown 

under glass and upon walls belong in this group, but as this subject 

forms such a natural and separate group it will be treated independ- 

ently of the other systems (see page 531). 

(c) THE PENDENT SYSTEMS. 

The systems included in the third group probably approach the nat- 

ural growth of the vine more closely than is the case with those found 

Fie. 156.—The Médcc espalier, or low horizontal, system of Bordeaux, France. 

in either of the other two groups. The shoots are suspended from 

some support, and, if unattached, swing freely in every breeze that has 

sufficient power tostir them. Their direction of growth is downward, 

and if they succeed in fastening themselves to some fixed object the 

fruit is firmly supported; this insures protection to the crop, just as 

effectually as when the lower or growing part of the shoot is free, for 

in neither case can the clusters be whipped by winds against any re- 

sisting object, which is a very common source of loss. The yielding 

nature of the shoots insures the safety of the fruit. 
Another apparent advantage of the pendent systems is their tend- 

ency to check the growth of all varieties. In upright-growing plants 
the heaviest flow of sap is generally toward the highest parts; even 

the outer buds of a horizontal cane make the strongest shoots. But 
if the end of the cane is bent downward so that the entire cane is 
more or less sharply curved the growths from all the buds will be very 
uniform. The vigor of a shoot may also be affected by changing the 

direction of its growth. When a tip of the shoot is ascending, the 

most rapid growth takes place; but when the same shoot is bent over 
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so that it becomes pendent its vegetative activity is reduced from two 

causes—a certain amount of constriction is produced when the bend- 

ing takes place, and the flow of sap ceases to be so BtEOne merely on 

account of the position of the shoot. 

It is also asserted that the grapes grown by a pendent system are 

larger and handsomer than when produced by other methods. Con- 

siderable truth may exist in this belief, for the bending of the shoot 

may have an effect similar to that produced by girdling, only it will 

be less marked; and it is well known that girdling a vine causes the 

berries to become larger and to ripen earlier. 

Yet, in spite of the above favorable qualities, the drooping or pend- 

ent systems have not become very popular either in Europe or in 

America, although their essential features have long been known. 

That these methods have not proved successful upon poor soils or 

with weak-growing varieties may easily be explained by the fact that 

as strong a growth as possible is desired under such circumstances, 

and no system which materially checks the development of the shoots 

can prove profitable. Atleast such has been the experience in America, 

and the vineyards of Europe would seem to indicate that the same is 

true there also, for with scarcely an exception the vineyards upon poor 

soils are trained in some upright system. 

Upon strong land and with vigorous varieties, the pendent systems 

are giving excellent results in various parts of this country; in fact, 

they are used in some sections almost exclusively. But, on the other 

hand, other districts which possess apparently the same land and varie- 

ties report the systems as total failures. One trouble in such cases 
probably lies in the fact that the pendent systems are not thoroughly 
understood; that too much weight is placed upon the statement that such 

training reduces the total growth of the plants; and that the quality 

of the fruit has not been improved sufficiently to counterbalance the 

loss caused by more severe pruning. 
Theoretically, it would seem that the more abundant the natural 

growth of vine the more are the pendent systems to be recommended. 
Yet, in changing to these forms it is well to keep in mind that the same 

soil is still to be dealt with, and also the same varieties of grapes; 

therefore, approximately, the same quantity of wood will be produced 

whatever be the method of training adopted. 
The pendent systems should consequently be so modified that each 

vine will still bear, when pruned, about as many buds as were allowed 

under the old method. Otherwise disastrous results must follow, and 

further, all changes from one system to another should be made grad- 

ually, so that the grower may at all times feel that he holds the key to 

the situation; he should make no radical change without realizing 

fully the effects which in all probability will result. 
America is the home of the pendent grape systems, for, although 

Europe has a few representatives of the group, they are of such minor 

importance that no mention need here be made of them. It is in this 
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country that the use of the systems began in commercial plantations, 

and here they have reached their highest development. At present 

they appear to be gradually growing in favor, although as yet the men 

who have adopted them exclusively are comparatively few. 

THE KNIFFIN SYSTEM. 

The best known form of the pendent group is the Kniffin system, 

and nearly all other forms may be considered as modifications of it. 

Concord, Niagara, and similar vigorous varieties have been very suc- 

cessfully trained in this manner. The plants are set 8, 9, or 10 feet 

apart each way, as is done in common practice. The treatment given 

the young vines will! be better understood if the type of the system 

iskeptinmind. Fig. 157 represents 

a pruned vine trained on the true 

Kniffin system, and this is the form 

desired for the plants of the newly 

set vineyard. 

The first year the young vines are 

allowed to lie upon the ground, but 

the second year steps must be taken 

toward forming the permanent top. 

When the vine is pruned in early 

spring, only about two vigorous buds 

are allowed to remain, and if one 

strong shoot is obtained that is all 

that is necessary. These shoots are 

trained to long upright stakes, so 

that the matured canes may be in 
the position of the permanent stems; 

a trellis is not necessary the second 

year, although it sometimes occurs 
that the vines grow so vigcrously 

that the top may be formed the sec- 
ond summer instead of the third. 

At the beginning of the third year the vines are pruned ordinarily, 

so that the one upright cane extends to the top wire of the trellis, and 

possibly one or two laterals may be present, but these are of minor 

importance. The principal object should be to get a strong, well- 

matured, upright cane. Some growers do not carry this cane to the 

top wire the third year, but prune it down to the second; the fourth 

season, however, a cane is tied to the top wire. Although the vine 

shown in fig. 157 has but one stem, some vineyardists prefer to have 

two, as it is said that the growth upon the top wire will take place at 

the expense of that on the lower. How much truth there is in this 

statement has not been shown, but in actual practice the stem of the 

12 a96 34 

Fig. 157.—Pruned vine trained on the Knif- 

fin system. 
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vine is frequently branched near the ground; one branch goes to 
the first wire, while the other extends to the upper one. This division 

of the stem should, of course, be made the second season by allowing 

two shoots to grow from the pruned vine. 

The trellis should be in position before the beginning of the third 

season’s growth. Posts, wires, ete., are used as already described, 

but the wires are differently arranged. Only two are used in the true 
Kniffin system. The lower one is placed from 3 to 4 feet above the 
ground, and the second from 2} to 3 feet above the first. Some fruit 

may be borne the third year, but too much should not be allowed to 
remain. When the vine is pruned at the beginning of the fourth sea- 

son, it may be shaped so as to resemble the one shown in fig. 157. All 

laterals except four should be removed from the main stem. Two of 

these should be near the top wire and two near the lower. Their 

length will depend upon circumstances, but generally the upper two 

are eut longer than the others on aecount of the stronger growth at 

the upper part of the vine. When the capacity of the vine has been 

estimated and the number of buds to be left is decided upon, then 
the length of the canes may easily be determined. In fig. 157 each 

of the upper canes carries six buds and each of the lower four buds, 

making a total of twenty. <A proportionate distribution may be made 

in other cases. 

The canes are tied to the wires before growth begins in the spring, 

and thereafter the plants will almost entirely take care of themselves. — 

The young shoots will at first be upright, but later they bend over and 

become pendent. Summer tying is wholly unnecessary, and all that 

is required is to go through a vineyard to pull down such shoots as 

have started to grow along a wire instead of hanging downward from 

it. Even this work is often neglected, but it is not advisable to do so. 

Summer pruning is also done toa limited extent. When the shoots 
which hang from the first wire become so long that they interfere with 

cultivation, they are frequently cut back with a sickle or similar instru- 

ment, and those from the top wire may be severed in a similar manner ” 

if they shade the lower growth too heavily. Such pruning is yery 

rapidly performed. 

After the fourth season the vine retains essentially the same form 
from year to year. The plant in fig. 157 was over twenty years of age 

when photographed, and, although crooked and gnarled, it has still 

the same outline that was given it many years before. 

The umbrella, or two-cane Kniffin, is an important form belonging to 

this group. All the distinguishing features of the true Kniffin system 

are present, with the exception that only two canes are left instead of 

four. (Fig. 162.) These canes are also eut longer, since the same 

number of buds must be retained on the plant to prevent the too free 

production of wood. The lower canes are cut away; the upper ones, 

each carrying from ten to fifteen buds, are first tied to the top wire, 

ore 
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after which they bend downward until they reach the lower wire, when 
they are again tied. The appearance of the plant when so trained has 
given rise to the term ‘‘ umbrella system,” which very appropriately 

designates the method. The general treatment of the vine in other 

respects is the same as that described under ‘‘The Kniffin system.” 

The one-wire Kniffin system is used by few vineyardists. The 

plant is pruned down to two canes, and these are tied on opposite 
sides of the plant to the single wire on the trellis. The canes carry 

from eight to twelve buds each. The wire is from 3 to 4 feet above 
the ground, and this allows abundant room for the shoots to sway 
inthe wind. Cheapness and ease of management are claimed for the 

system, but it can not be very successfully used except upon lighter 

lands or with weak-growing varieties. 

Six and eight cane Knififin systems have been deseribed by writers, 

but they are little used. 

THE SINGLE CANE RENEWAL SYSTEM. 

The single cane renewal is a peculiar form of the pendent group 

which is employed in certain parts of Massachusetts. Post and wire 

trellises are used, the lower wire being from 2} to 3 feet from the 

ground, and the second from 2 to 2} above the first. The head of 

the vine is at the lower wire; each year a cane springing from it is 

carried to the upper wire and extended until if reaches the adjoining 

plant, the distance between the vines being 6 or 8 feet. All the fruit 

is borne upen the shoots which spring from the fifteen or twenty buds 

upon the cane. These shoots are pendent and are pinched at a point 

two or three joints below the lowest cluster of fruit. As lateralis are 

produced, these are again pinched just beyond the first or second 

expanded leaf. This operation may be performed three or four times 

during the summer. The fruit at the same time is thinned to one or 

two clusters to each bearing shoot. A single shoot is also grown from 

the head of the vine and trained on the opposite side of the plant upon 

the lower wire. This shoot is matured into a cane which is the follow- 

ing year trained to the upper wire and allowed to bear as described. 

The above system has been modified by growers. One of the most 

radical changes is one in which the bearing cane is placed along the 

lower wire instead of the upper. The bearing shoots are then trained 

upright and fastened to the second and third wires, there being three 

of these, as in the high renewal system. The next year the cane on 

the opposite side of the plant bears. In this manner only one-half 

of the vine bears each season. 

WALL AND GREENHOUSE SYSTEMS. 

The methods of training grapes on walls and in greenhouses are 

peculiar. Although nearly all these systems may be classed in the 

group having horizontal bearing wood, a clearer idea of the various 
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forms may be obtained by treating them as a group especially 

adapted to culture under glass. 

A much smaller number of systems have been described in this group 

than in any of the preceding, and another peculiarity should alse be 

noted, that is, that nearly all writers who consider the training of 

grapes under glass hold strong views as to which system is the best, 

each advocating, as a matter of course, the method he follows. Under 

such circumstances it is impossible to say which is absolutely the best 

system. The ntethods with which a certain gardener may be familiar 

will undoubtedly give better results in his hands than will any with 

which he has had less experience, and herein probably lies the secret 

of some of the unqualified preferences which may be found among 

growers. A novice must therefore select the one or more systems 

which appear to meet his requirements most fully, and then by actual 

practice determine which, if any, gives the best results. Unques- 

tionably one grower may obtain most satisfactory results from a sys- 

tem which in the hands of another is followed by indifferent success. 

At present there is but little choice that may be based upon purely 

theoretical grounds. Experience has weeded out nearly all systems 

except those named below; these may be considered as the ‘‘ survival 

of the fittest,” and all are worthy of trial. 

Considerable difficulty has been experienced in selecting proper 

names for the various systems, for many different names have been 

used to designate systems which are practically identical; many un- 

named descriptions have also been published. To avoid confusion 

only the most common and the most suggestive ones have been retained. 

All wall and greenhouse systems have been divided into two general 

classes, the spur and the rod systems; they are not very sharply de- 

fined. The typical spur systems are much more popular than the 

others, although strong advocates of the rod systems may be found. 

THE SHORT SPUR SYSTEM. 

The short spur system is the simplest form of the class in which all 

the canes are cut back to short spurs. The formation of the main 

stem as here described will also answer for the other systems of the 

class. In spring or autumn, a rooted cutting one or two years of age 

is planted in the border of the greenhouse or in one adjoining a wall. 

The plant should be cut back to two or three strong buds. As growth 

commences, only the strongest of the shoots produced by the plant is 

retained, the others being removed as soon as their comparative value 

is noticed. The one remaining shoot is trained straight upward, and 

it may be allowed to grow unchecked throughout the season. The 

laterals which spring from the buds along the lower portion of 

the shoot are generally pinched to one leaf to check their growth. 

When the vine is pruned, they are entirely cut away, although some 

growers remove the laterals first pinched when those next above are 
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stopped. In this manner the other buds found upon the cane are pre- 

vented from growing. 

The pruning of grapes grown in houses or on walls is almost invari- 

ably performed as soon as the crop has been removed and the wood is 

well ripened. This clears the houses of all superfluous wood and 

allows the vines, trellises, etc., to be thoroughly cleaned. The stor- 

age and protection of the tops during winter are also made easier; and 

in case the house is to be used for other purposes during the winter 

or spring months there is no useless brush to interfere. 

At the end of the first growing season the vine should therefore be 

pruned, but different operators do not agree as to the proper amount 

of wood to remove. Some cut back the year’s growth to a spur, leay- 

ing three or four good buds, as is done in regular vineyard practice. 

The following year the strongest of the shoots from these buds is 

selected for forming the main stem; the other shoots are repeatedly 

pinched to keep them short, and they may be allowed to bear one or 

at most two clusters to each vine. By this method the vine is pre- 

vented from bearing a crop the second year, and all danger of weak- 

ening the plant from this cause is avoided. 

The majority of growers prefer to leave the first year’s cane from 

4 to 7 feet in length, according to the vigor of the variety. All later- 

als and also the tendrils are removed. In addition to this, the buds 

which are to form the future spurs must also be selected and the 

remainder cut away. If the cane produced the first year is spurred 

back to three or four buds, as already described, the vine will not be 

ready for this disbudding process until the end of the second year. 

The buds may then be cut out, but as the number and position of 

those retained in either case vary somewhat with the system of train- 

ing adopted, the method of their selection will be separately consid- 

ered under each system. But the terminal bud must in all cases 

remain to lengthen the stem the following year. 

The trellises used for training vines in greenhouses are of various 

kinds. They generally consist of a firm wire support, which is sus- 

pended from the rafters of the building at a distance of 15 to 18 inches 

from the giass. Cast-iron hangers are fastened to the rafters, and 

the main wires pass through holes in the lower end of theirons. (fig. 

158.) Frequently only one set of wires is employed; in such cases 

the wires may run from the plate of the house upward to the ridge 

pole, or, more rarely, they may extend horizontally across the house. 

But additional supports are necessary when the plants are fruiting. 

Fig. 158 shows two vines whose spurs are supported by five vertical 

wires, but, in addition to these, slender sticks have been fastened 

across the wires, and these serve to distribute the weight of the foliage 

and the fruit more evenly, and also make the wires more rigid. Such 

a trellis also allows the pruned wood to be removed more freely in the 

fall. Another good form of trellis is made by letting a No. 10 or No, 
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12 wire run upward over each vine; the main stem of the plant is then 

trained permanently to it. Cross wires cf smaller size, as No. 16, are 

then stretched lengthwise of the house, being placed about 18 inches 

apart, and fastened to the upright wire at the intersecting points. 

Such a trellis is suitable for all methods of training considered in 

their group, although in special cases, as in the rod systems, certain 

modifications may be advisable. 

The short spur system is a simple and well-known method of train- 

ing grapes, although many growers are opposed to its use. After the 

vine has been grown so that it is ready for the first disbudding, the 

positions for the future spurs must be decided upon. As arule, spurs 

are grown from buds left at intervals of 15 to 18 inches along the sides 
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of the stem; sometimes the spurs are nearly opposite each other, and 

again one spur may be situated midway between or about 10 inches 

from the spurs on the opposite side of the stem. After the selection 

of the buds that are to remain, the others may be cut out immediately 

or they may be allowed to swell during the following spring, when 

they are destroyed by severe pinching. The shoots that grow will bear 

fruit if they are allowed todo so; it is much better for the plant, how- 

ever, to cut away all clusters except two or three, since, if a vine is 

made to overbear when it is young, years are often required for it to 

return to its normal vigor. When these shoots have grown to a length 

of six or eight joints, the ends are pinched off; laterals will start, espe- 

cially near the end of the pinched shoots, and these, in turn, should be 
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checked. In this manner strong, well-matured wood is obtained with- 

out an excessive growth. The next year the vines are treated in the 

same manner. The terminal bud of the pruned cane is carefully 

grown along the supporting wire so as to extend the stem from 5 to 7 

feet more. The laterals are treated as already described. The third 

year the stem may be carried to the top of the grapery. 

Vines which are trained on the short spur system, as well as those 

grown according to some other methods, are commonly not allowed to 

bear fruit except upon one-half of the spurs. This may bring about 

a difference in the length of the two sets of spurs upon each plant. 

Those which are to bear are often cut to a strong bud, there being one 

or two other buds near the base of the spur. The cther spurs are cut 

in close to the stem, only one bud being left. This bud is destined 

to form a shoct which will be spurred the following autumn for fruit- 

producing purposes; it is not allowed to fruit the first year. The 

plump bud left upon the fruiting spur is the one from which the fruit 

is expected; after the fruit has matured, the old spur may be cut away 

entirely, and only one bud is allowed to remain upen a shoot which 

grew cither from another bud upon the same spur or from some other 

part of the branch. Even the fruiting spur is often made as short as 

the other, thus not exceeding an inchin length. Fig. 158 represents 

a grapery in which the vines have been trained according to the short 

spur, or ““walking-stick,” system; the vines have been pruned and are 
ready to be put away for the winter. 

SPUR RENEWAL. 

Another method, very similar to the one just mentioned, is some- 

times practiced for the purpose of obtaining fruit from the same spur 

each year. 

The spurs are each year cut back to two or three buds. The outer 

or most plump ones are retained for fruiting purposes, the weaker one 

being removed as soon as the difference of strength is demonstrated. 

The other bearing shoot is pinched one or two joints beyond the fruit, 

and securely tied; as laterals appear, they, in turn, are pinched just 

beyond the first unfolded leaf. The remaining bud is situated close 

to the base of the spur; it is designed for the production of a shoot 

only, no fruit being allowed upon it, and it is not pinched until it has 

unfolded six or eight leaves. The following autumn this shoot is, in 

turn, cut back to two or three buds, the bearing portion of the old spur 

being all cut away. 
THE DOUBLE SPUR SYSTEM. 

The double spur system is very commonly used in graperies (fig. 159). 

The vines are started and the first year spurred as already described. 

Two shoots are retained upon each of these spurs, one of them perhaps 

being allowed to fruit. The next year each shoot is cut back to a 
plump bud, thus forming a Y-shaped piece. Only cne of these spurs 
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is allowed to bear, the other serving only for the production of bearing 

wood for the following year. In this manner each branch gradually 

elongates and bears fruit in alternate years. Fig. 160 shows such a 

double branch, of which the left-hand portion is 6 years old. 

THE LONG ROD RENEWAL SYSTEM. 

The long rod renewal system is another form which has several 

features that commend it for use in graperies. Short spurs are not 

used for bearing pur- 

INGA poses, but in place 
. eA a of them the canes 

ZA are cut so long that 
the bearing portion 

is as long as one- 

half the height of 

the grapery. The 

plants are obtained 

as follows: At the 

end of the first sea- 

son’s growth the first 

cane, obtained as 

already described, 

is allowed to extend 

about half the height 

of the building or 

wall. The second 

summer itisallowed 

to bear, and it is also 

extended to the top 
of the roof, at which 

point itis pruned in 

the fall. During the 

second year another - 

shoot is grown from 

the stem near the 
point where the first 

cane originates. In 
Fic. 159.—Grapery, with vines trained according to the double the fall thisis pruned 

spur system. 
in the same manner 

as the first was the preceding year. The third year the upper half 

of the first branch bears, and also the second one throughout its 

entire length; at the same time a third shoot is grown from near the 

bases of the first two. The pruning which is done in the fall of the 

third year is the same as that which regularly takes place from this 

time on. The first branch is entirely removed; the second is cut at 

the top of the grapery, and the spurs on its lower half are all cut out; 

the third is pruned at only one-half this height. Thus, each year a 
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large portion is removed, no cordon is allowed to become more than 
three years of age, and good buds are always available for fruiting 

purposes. All bearing shoots should, of course, be pinched at the first 

or second leaf beyond the cluster of fruit, and if the shoots produce 
laterals these should be pinched in a similar manner. 

Plants trained on this system require a little more space than when 

spurs are used, but if the vines have been set about 3 feet apart, two 

branches may be used instead of three. This method was formerly 

much used. By it one half the top was removed each fall, the other 

portion being reserved for bearing the next year. 

The height of the stem in the long rod renewal system varies under 

different circumstances. Under glass it may be carried up to the 

glass, so that all portions of the branches may receive good light. If 
the vines are trained to a wall equally well lighted from top to bot- 

tom, the stem need extend but a few inches above the surface of the 

ground. Renewal 

may take place in 

accordance with the 

methods described 

elsewhere. 

THE LONGSPUR SYSTEM. 

The long spur sys- 

tem has many fea- 

tures which charac- 

terize the horizontal 

arm spur system de- 

scribed on page 508. 

Plants grown on 

walls are frequently 

trained according to 

this system or mod- 

ifications of it, and it also possesses a certain value on an upright 

trellis. The stem, arms, and spurs are formed as in the horizontal arm 

spur system, although the arms, or cordons, are sometimes upright 

instead of horizontal. In either case, only alternating spurs are 

allowed to carry fruit in any one year. For instance, the first, third, 

and fifth spurs on an arm are cut long enough for each to carry from 
four to seven buds, according to the vigor of the plant. These buds 

are allowed to produce fruit. But the second, fourth, and sixth 

spurs are cut much shorter, bearing only one or three buds; these 

buds will not be permitted to mature any fruit, as their entire office 

is to produce wood which will bear the following year. Considerable 

attention is necessary to grow plants properly in this manner; still it 

is frequently done. 

When it is desired to cover a considerable area in a grapery with 

but one vine, the method following may be adopted with success. 

Fia. 160.—Branch and cane of vine shown in fig. 158. 
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The vine is started as for the horizontal arm spur system, but several 

tiers of arms are made. Each arm has a certain number of spurs, 

which are renewed and made to bear each year according to the spur 

renewal method described further on. In this manner, by having a 

considerable growth of foliage in all parts of the vine, bare places may 

be almost entirely avoided and uniform crops annually obtained. 

The utmost care and attention must be exercised to make the system 

a success, for the strong tendency toward growth in the upper parts 

of the vine must be overcome by continual pinching of the shoots. 

DESCRIPTION OF THE THOMERY AND CHARMEUX SYSTEMS. 

The difficulty of growing grape vines in accordance with the above 

system has led to the origin of the Thomery and Charmeux systems. 

These are intricate, but their essential features are as follows: 

No one vine shall have more than two horizontal arms, one on each 

side of the top of the stem. Ifa high and long wall is to be covered, 

a number of plants are set out and the stems of these are carried to 

different heights. The lowest pairs of arms are about 6 inches from 

the ground; the second set of arms is about 18 inches above the first, 

and this distance is maintained between all the other sets on the wall. 

Each arm is 4 feet long, and the spurs are grown at intervals of 6 or 

7 inches from each other. The method of spurring is the same as 

that described under the short spur system, for none of the spurs are 

over an inch in length, and the branches which bear them are conse- 
quently always short. Two shoots are grown from each spur, and 

every shoot is allowed to bear according to the above dimensions; the 

plants should be set between 21 and 22 inches apart. 

In the Thomery system the first plant at one end of the wall forms 

the lowest pair of arms; the second plant, 22 inches from the first, 

bears the second pair of arms, 18 inches above the first pair; the third 

plant bears the next pair above, and so on until the top of the wall is 

reached. Some trouble has been experienced in the Thomery system 

on account of an unequal amount of light given the two arms of the 

same plant. This trouble is avoided in the Charmeux system by a 

different arrangement of the arms. In other respects the two systems 

are alike. 

The following is the arrangement of the arms in the Charmeux 

system: The first plant bears the first pair of arms; the second plant 

has its arms in the fourth tier of arms; the third plant branches in 
the second tier; the fourth plant extends to the fifth tier; the fifth 

plant to the third tier. The sixth plant then begins as the first one 

did, and the same arrangement is repeated. 

THE FAN SYSTEM. 

The fan system is almost entirely restrieted to use upon walls. It 

is occasionally seen in vineyards, but here it is not very popular, 

oo 
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although found in some portions of Ontario, Canada. In some 

respects the plants trained on the fan system resemble those described 
under the high renewal system, but the head of the vine is frequently 

only a few inches from the ground. The canes which are to produce 

the bearing shoots spring from the head of the plant, but a greater 

number are retained. They are trained in a spreading manner from 

the head, covering a fan-shaped area, which has given the system its 

name. One serious objection to the system is that so much fruit and 

foliage are produced near the center of the plant that it is difficult to 

admit sufficient air and sunshine; a tangle is apt to result. Other- 

wise, if proper attention is given to spurring for renewal, the system 

is a satisfactory one. 

RENEWAL. 

Renewal is the process of replacing old wood by young wood which 
has the power of performing the functions of the old. All parts of 

the vine which are above ground deteriorate with age; and the roots 

may change inasimilar manner. Some portions of a vine may remain 

serviceable for a number of years, and their renewal is consequently 

necessary only after long intervals; but other parts are rendered use- 

less after one year’s service. In order to keep a vine in a strong bear- 

ing condition, young wood must take the place of the old whenever it 
is necessary. 

Cane renewal must be performed each year. The shoot which ma- 

tures into the renewal cane must be grown the season before the old 

cane is cut out, that the one may replace the other without loss of time. 

As every vine is presumably grown upon some distinct system, the 

number and length of the desired canes is always known; some may 

be shortened back to spurs, while others remain several feet in length. 

Cane renewal is a very simple matter in alltruespursystems. The 

bearing shoot of one year is cut back to a very small number of buds, 

generally from one to three, and this spur is the portion which takes 

the place of, or renews, a similar spur which the year before supplied 

the plants with bearing shoots. 

In all systems which require long canes for renewal purposes, the 

production of proper wood to replace the older portion is not generally 

such an easy task; itis here that experience and judgment are required 

in making selections. Such canes are obtained from three distinct 

sources: First, from the base of the canes which produced the bearing 

shoots of the last season (fig. 161, a); second, from branches which 

are retained especially for renewal purposes (fig. 161, b); and, third, 
from shoots grown from adventitious buds on the arms or branches 
(fig. 161, c). 
The renewal canes, which are selected from the base of the canes 

that produced the bearing shoots, are generally well grown and mature 
(fig. 161, a). It is true that they have borne fryit in the majority of 
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cases, but this has not been shown to be a serious defect. One objec- 

tion to them, however, is that a considerable portion of the old cane 

is retained with the new one, and if this form of renewal is continued 

for a few years, these branches become so long that the bearing wood 

may start near the top wires of the trellis, a position in which they 

are actually found in some vineyards. On this account the continued 

selection of such canes upon the same branch should be avoided. (See 
fig. 145.) 

A favorable method of obtaining renewal canes is by the use of 

spurs. These are necessarily situated near the top of the stem, so 

that the long canes may be easily directed to any desired point. The 

branches formed by the spurs are, as a rule, not retained many years, 

for they, in turn, require renewal. Their number varies with different 

vineyardists; in case all the canes are to be derived from spurs, there 

“A nh Hn 
ae 

Fia. 161.—Horizontal arm spur system, illustrating the parts of a vine. 

should be at least one spur for each cane, and frequently there are 

twice as many spurs as canes. Fig. 161 will assist in making this 

point more plain. If one branch is to do double duty by supporting 

a cane with bearing shoots d and also a growing shoot e, which is to 

replace the cane d the following year, it resembles more or less closely 

the spur b. After the fruits borne upon the shoots of d have been 
harvested, this old cane and its shoots, as well as all the old spurs 

down to the cane e, are cut away, and e is laid along the wire in 
place of d. 

Frequently the spur or branch produces only a single shoot, and in 
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such cases the number of branches must be greater than the number 

of canes used, so that each branch may alternately support a shoot 

and a cane with its bearing shoots; this will require twice as many 

branches as canes. But on account of the various sources from which 

desirable canes may be ob- 

tained, the number of spurs 

and branches is rarely so 

great. 

The third method of obtain- 

ing long canes is from shoots 

which grew from adventitious 

buds. (Fig. 161, c.) These 
may arise from any of the 

older parts of the plant, and 

if they are strong and well ma- 

tured, they answer the pur- 

pose well. As the vine grows 

older, the appearance of such 

shoots can not be so safely re- 

lied upon as when the plant RA : 
was young; and even under Fic. 162.—Unpruned vine trained according to the 

2 umbrella system, showing stem renewal. 
favorable circumstances the 

vineyardist should at all times be prepared to get along without them. 

Branch renewal is of great importance for all systems in which 

spurring is regularly practiced. As the branches are formed from 

annual additions of spurs of varying lengths, they almost invariably 

ee ee become long, crooked, and unsight- 

ly, and their removal every six or 

eight years benefits the plant as well 

as pleases the eye. A branch may 

be renewed by selecting one of the 

strong shoots which appear at irreg- 

ular intervals about its base, and 

at the end of the season spurring 

this shoot instead of one grown from 

anoldspur. Theentire branch may 

then be removed. 

Arm renewal is accomplished by 

selecting a strong cane that started 

| from a bud near the base of the arm. 

Fie. 163.—Pruned vine trained accordingto ‘This cane may be putin the position 
the umbrella system. 

of the arm after the latter has been 

cut out, and the following year its shoots should yield practically a 

full crop. Under ordinary circumstances, an arm should be renewed 

when it is eight or ten years old. 
Stem renewal can not be wholly completed in one year, as in the 
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above cases, for an entirely new top must also be formed. If the 

change is to be made witheut any loss of crop, the new wood should 

be grown, for most systems, two years before the old top is cut out. 

The first step is to select a strong cane which starts near the base of 

the old plant. This cane is then treated in the same manner as a 

well-established one-year-old vine; it is cut off at the desired height, 

and the seeond year a new top is formed upon it. This top forms the 

framework of the new vine, and at the end of the second season the 

old vine may be cut off close to the point at which the new portion 

originates. 

These steps are well illustrated in figs. 162 and 163. A vine trained 
according to the umbrella, or two-cane Kniffin, system is shown in fig. 

162. The main system was about twenty years of age when its re- 

newal was decided upon. Close beside it may be seen a straight, 

slender stem, which extends upward without branehing nearly to the 

top wire of the trellis. hen photographed, it was three years old; 

at the end of the first year it was cut back to the top wire; after the 

second year, the two strongest canes at the top were selected to form 

the arms of the future vine, and they were cut the proper length. 

The old plant might have been cut out also, but this was not done; 

the tep was severely pruned, however, so that the younger portion 

might be strengthened. At the end of the third year, when the pho- 

tographs were made, there were two sets of pendent branches, one 

from the old and one from the new arms. The old vine was then eut 

close to the ground, and the pendent eanes of the young vine were 
each spurred to one bud. Fig. 163 shows the result. This young 

vine with the old roots is capable of producing crops as large as those 

borne by the old top, and the fruit should be of better quality. In 

this manner a vine can be made young again, and the process may be 

repeated again and again. 

lt is impossible to state when the stem of a vine should be renewed. 

Records exist showing that some European vines have seen one or two 

centuries of growth; plants fifty years of age are commonly seen, and 

it appears almest as if they could continue to grow and bear indef- 

initely under proper treatment. In American vineyards the stems are 

renewed more frequently. Twenty to thirty years is almost the extreme 

of the age allowed with vigorous varieties, and the time is frequently 

reduced about one-half for weaker sorts. A careful grape grower will 

watch his plants. Any indication of a falling off in the amount, size, 

or quality of the fruit should be investigated, and with old vines it will 

often be found that the renewal of the youth of a vine will be followed 

by increased vigor and productiveness. 

‘ 



AN IDEAL DEPARTMENT OF AGRICULTURE AND 
INDUSTRIES." 

By E. TIsSERAND, 

Councilor of State and Director of Agriculture of France. 

[The report of the Parliamentary recess committee on the proposal to establish 

a department of agriculture and industries for Ireland, submitted to the chief 

ecretary by the Rt. Hon. Horace Plunkett, M.P., chairman, on August 1, 1856, 

orn ains, among other valuable reports on State a to agriculture and indusiry in 

yarious Continental countries, a very admirable and eloquent paper by M. E. 

Tisserand, councilor of state and director of agriculture of France, in which he 

discusses the organization of a model department of agriculture and industries. 

The report says: 

“M. Tisserand is universally acknowledged to be one of the first authorities in 

Europe on agriculture and the administration of aid to agriculture by the State, 

and the French ministry of agriculture, of which he may be described as the per- 

manent head, has been to a large degree shaped by his hand.” 

The paper, which was prepared at the request of the committee, contains ‘‘such 

advice as his unique experience would prompt him to offer on the constitution of 

a Ministry of agriculture for Ireland, having es regard to the condition 

of that country.” 

Although prepared with special reference to Irish and Continental conditions, 

it is a paper of such breadth of view and general importance that it is reprinted 

here for the information of the American public from an advance copy received 

through the courtesy of the chairman of the committee.—C. W.D.,JR.] 

NECESSITY FOR A DEPARTMENT OF AGRICULTURE 

A first point to be understood is that a ministry especially for agri- 

culture has become in our day a necessity, an imperious need in all 

countries, whether they be States of old Europe or countries newly 
opened to civilization. This arises from the fact that everywhere now- 

adays agricultural and economical questions have assumed a capital 

importance and dominate all others. Everywhere man clings to the 

land; it is the earth that nourishes him, and, like the giant Antzus, 

he ever has need to touch it, to feel it beneath his feet, in order to renew 

his strength. It isa general sentiment that on the rational and scien- 

tific culture of the soil depend to-day the existence and power of 

nations. 
Formerly, tradition, handed on from father to son, sufficed the hus- 

bandman for the advantageous utilization of the soil. The methods 

1From Report of the Recess Coenmtitites (Het. of Goliaeasy o7 on the Establish- 

ment of a Department of Agriculture and Industries for Ireland. London, 1897, 
545 
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of culture were simple; it called for no great effort of the mind to till 

well, to regulate the rotation of crops and the breeding of live stock. 

Everything went on in a restricted circle, and the son, working as his 
father before him had done, was able to live comfortably and bring 

up a numerous family. To-day the situation is no longer the same. 

In this extraordinary century, when everything has been profoundly 

modified by steam, when distances have disappeared, and the Austra- 

lian with his wool, the Indian with his corn,! the American with his 

eattle and his dead meat, can reach the markets of Europe at less cost 

than it took the farmer of Yorkshire at the beginning of the century 

to get his produce to London, old methods and paternal traditions 

have become insufficient for the struggle which has to be earried on 

against foreign competition. It is no longer the struggle for life 

between man and man which is in question; it is the struggle for 

existence between industry and industry, between agriculture and 

agriculture, between country and country. 

The struggle which agriculture has to sustain is all the more intense 

and severe because it has been less prepared for it. The formidable 

transformation brought about by the progress of railways, navigation, 

and the telegraph has had a greater effect on agriculture than on any 

other industry, because it has been surprised, so to speak, in the 

midst of the calm and quietude which it had been enjoying. It is no 

doubt a great boon to humanity that the products of the earth may 

overflow with an extreme facility from the regions in which they 
abound to the countries that need them; that every individual is 

assured his daily bread, and has no longer to fear the horrible famines 

which in other times periodically decimated the population; that, 

thanks to Australian wool and to the vast pasturages of the New 

W orld, the working man can obtain cheap clothing and cheap food to 

protect him against infirmity and give him health and strength. But 

if these are results to be thankful for from the humanitarian point of 

view, it is nevertheless true that they have had upon agriculture, 

through the general lowering of the prices of produce, an action which 

has placed it in a critical situation, and which has thrown the eul- 

tivators into confusion and brought discouragement and despair 

among the rural population. All thoughtful minds, the public pow- 

ers, and Governments are occupied with these considerations. In 

all directions it is felt that the agriculture of Europe is like an old 

and leaking ship, tossed and buffeted about upon a sea of breakers, and 

that, to save it from foundering, it needs to be steered by abler hands 
and navigated by pilots who will join to a thorough practical training 

a profound and extensive scientific knowledge. 
It is under the influence of these apprehensions and menaces and 

in the face of an abnormal and critical situation, in the hope of thus 

1 Reference is made here to the native of British India, and the word ‘‘ corn” 

includes grain of every kind, with especial reference to wheat. 
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discovering and applying a remedy to an evil whose intensity goes on 

increasing, that there has come into being in almost every country the 

idea of creating a ministry of agriculture. This is a response to an 

imperious need. It is certainly not that the ambition of one more 
man may be satisfied, that we may have one minister the more, one 

politician the more, in the councils of Government and in the delib- 

erative assemblies, that this idea has taken life. Its evolution has a 

higher reach and significance. ‘‘ Ministry of agriculture” means an 

appeal for the help of all, a grouping and marshaling of the strength, 

the energies, and the wills of ali, toward a determined and definite 

end—the raising up of agriculture. It means for the man who is 

placed at the head of such a ministry the obligation to study the needs 

of agriculture, to surround himself with the necessary assistants for 

the purpose, to cause the extent of the problem to be understood, to 

seek for practical solutions, to point them out to the Government, and 

to persuade Parliament to pass them into law. 

The necessity for a ministry of agriculture being thus demonstrated, 

let us consider what the character, or, better, the spirit, of such an 

institution ought to be. 

FUNDAMENTAL PRINCIPLES OF A DEPARTMENT OF AGRICULTURE. 

There are those who let themselves believe that a ministry of agri- 

eulture ought to be a sort of Providence on which all might lean, and 

which could work miracles, to which it would only be necessary to 

apply to obtain remedies for all evils and boons for everybody. 

Others ask that it should centralize everything, absorb all the sery- 

ices, and take upon itself the functions of private individuals and 

voluntary associations. ' 
Beware of these ideas and these fallacies. A ministry of agricul- 

ture ought to have for its essential and fundamental principle never 

to run counter to private or collective initiative. Far from that, all 

its efforts ought to tend to awaken the spirit of initiative and inde- 

pendence, and to stimulate and develop it among the agriculturists 

themselves. It ought to aid the weak, animate the indifferent, and 

stir up the courage of those who are tempted to let themselves be 

cowed by difficulties. The agriculturists must be made to under- 

stand that the improvement they desire depends as much on them- 

selves as on the ministry, if not more so; that the latter must be 

powerless without their help; that they will receive succor from the 

State in proportion as they themselves put forth energy and labor; 

and that it is only by the united efforts of all concerned that progress 

ean be brought about. 

The ministry of agriculture, instead of substituting its own initia- 

tive for that of the cultivators or interfering with their independence 

12 aA96——35 . 
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and that of their associations, ought to second free acticn on their 

part as much as possible. 

To take some examples: A ministry of agriculture, whether by 

means of special laws or special encouragements, such as subsidies, 

subventions, medals, etc., should foster with all its power the ecom- 

bination of agriculturists—wherever such organizations do not already 

exist—in agricultural societies, consultative chambers, societies for 

insurance against mortality among stock and other calamities, socie- 

ties for land improvement, cooperative societies (syndicats agricoles) 
for the purchase of manures, seeds, machines, ete., and for the sale 

of agricultural produce, credit societies, and institutions for mutual 

succor and assistance. It ought to do its utmest to encourage such 

societies, to live side by side with them, to come to their support 
whenever it is necessary, and to lend them the help of its agents. 

It ought to inform the cultivators on all facts having a bearing on 

their indusiry, and to point out new methods and discoveries by whieh 

they may increase their crops, and protect them advantageously 

against parasites, noxious insects, microbes, etc. 

METHODS OF CONTROL IN FRANCE. 

The ministry of agriculture in France has always taken special eare 

to respect the independence and working of the agricultural societies. 

It interferes only to aid them and to stimulate them to redouble their 

efforts, assisting them in proportion as they assist themselves. It 

increases the importance of the subventions and medals which it 

bestows in proportion to the exertions they put forth and the results 

they obtain. It is a struggle for emulation which the administration 

seeks to provoke, and it is by this means the best results are produeed. 

It is these agricultural societies or clubs which themselves organize in 

the departments the encouragement to be given to the cultivators. 

They get up shows and give prizes for the diffusion of agricultural 

instruction, for the improvement of live stock, for the best seeds and 

manures and agricultural implements; they give prizes for good eul- 

tivation, and bestow rewards on meritorious farm servants. The State 

only takes charge of the great national or regional exhibitions to the 

number of six, and it is even a source of regret to the administration 

that these can not be organized by the great agricuitural societies 

which have their headquarters in Paris. On every occasion on which 

it is possible, the ministry of agriculture appeals to the loeal societies 

and associations. To such an extentis this principle acted upon that, 

wishing recently to organize special shows for the principal breeds of 

horned cattle, sheep, and swine, the ministry delegated this task to 

various societies in the departments. 

One thousand two hundred agricultural societies in France receive 

for distribution from the administration about 1,000,000 franes a year 

and several theusands of gold, silver, and bronze medals. 

a 
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By this means the State accomplishes an enormous amount of good 
with a very little money. Indeed, it is impossible to exaggerate the 

amount of good will, of devotion, and disinterestedness which is availa- 

ble in the rural districts when an appeal is made to intelligent culti- 

vators for a work to beaccomplished. To giveaninstance, the materials 

for our great decennial agricultural statistics and for our annual sta- 
tistics are collected for us in each locality by educated men who, 

without the least remuneration, devote themselves to difficult and 

sometimes toilsome researches in order to supply us with precious 

information on the rural economy of their communes. We give them 

some honorary recognition, a few medals, and they are satisfied. 

ENCOURAGEMENT OF PRIVATE AGRICULTURAL SCHOOLS. 

Even in the field of agricultural education private initiative is by no 

means to be despised, and may effect great things. If the ministry of 

agriculture has to occupy itself with creating, organizing, and keeping 

up the great public schools, the establishments for scientific research, 

the technical laboratories, and with the appointment and endowment 

of the professors charged with instructing the cultivators and carry- 

ing the light in all directions, there are cases in which the State may 

find a useful ally in private industry. Thus, in France we have found 

the means of making out of certain well-placed and well-managed 

farms excellent little practical schools. We give them, as the ease 

may be, one or two experienced masters, and allow the manager of 

the farm a few hundred frances for the maintenance of four or five 

apprentices. For an expenditure of from 3,000 to 4,000 francs per 

establishment, we thus have some adinirable little schools of dairying, 
cheese making, silkworm culture, bee keeping, ete. 

COOPERATIVE AGRICULTURAL EXPERIMENTS. 

Again, it is with the assistance of skillful farmers that the French 

administration establishes every year from 3,000 to 4,000 example 

plats (champs de demonstration), in which the agriculturists can see 

with their own eyes the trials of the best kinds of crops and the use 

of the most appropriate manures. It costs the ministry in the pur- 

chase of seeds, manures, and implements and the expense of super- 

intendence some 150,000 to 170,000 franes a year to give to all our 

peasants a living illustration of the progress which may easily be real- 

ized by each of them. These example plats may be changed about so 

that their lessons may be brought within everybody’s reach, even in the 

most remote corners of the country. The professors of agriculture 

explain in sight of each field the results obtained, and point out the 
improvements to make. Few institutions have brought about greater 

or more rapid progress among the class of small cultivators. I can 

not too strongly urge you to have recourse to them. 
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SECURING SCIENTIFIC ASSISTANTS. 

Another task which a ministry of agriculture ought to set before 

itself is to attract to agriculture the most eminent scientists in chem- 

istry, physics, physiology, entomology, mechanics, etc., so that they 

may be induced to occupy themselves with agricultural questions, and 
to direct their studies and their genius to the discovery of solutions 

affecting all branches of agriculture. The ministry must not be 

niggardly in its encouragements and subsidies to such men, for 

their discoveries will repay, with large interest, the expenditure which 

may have been incurred to enable them to carry on their researches. 

Moreover, there will by this means be prepared for agriculture an 

élite of men to direct it in the way of progress and of the application 
of science. It is by acting on these considerations that the ministry 

of agriculture in France has succeeded in effectuating considerable 

ameliorations in the condition of agriculture; it is owing to its sub- 

ventions liberally distributed that Pasteur has been able to achieve 

his memorable work and his immortal discoveries, and that Bous- 

singault, Berthelot, Schloesing, Aime, Girard, Blanchard, Chauveau, 

Georges, Ville, Prillieux, Nocard, Arloing, and so many other savants 
have contributed powerfully to agricultural progress. 

It is by acting in accordance with these fundamental prineiples; it 

is—one can not too often repeat it—by respecting the liberty and the 

initiative of all, by stimulating and aiding, by good laws and wise 

regulations, the voluntary associations and institutions of the agricul- 

tural classes, that a ministry of agriculture will best sueceed in ful- 

filling its mission. It ought to be, as it were, the flag around which 

will gather all the good will and all the energies which strive for the 

good of agriculture. It will sustain in this manner, among the rural 

population, that spirit of ‘‘self-help,” that moral energy, which 

insures that a man, conscious of his duty to himself and to society, 

shall never abandon the struggle, shall feel his manhood and courage 

increasing with difficulties, and shall understand the necessity of 

joining his efforts to those of his fellow-citizens and the public powers 
in order to emerge a victor from the strife. 

The spirit in which a ministry of agriculture ought to exercise 

its functions being thus defined, its field of action is none the less 

extensive. 

THE SCOPE OF A DEPARTMENT OF AGRICULTURE. 

If it be not called on to interfere directly with the work of private 

initiative, if it be its duty as well as its interest to respect scrupu- 

lously the independence and organization of the voluntary associa- 

tions, it ought at the same time to watch carefully their working and 

the success of their efforts. It ought to listen to their wishes, to fol- 

low their diseussions, to keep count of their needs, to prepare laws 

and rules caleulated to foster their activity, and to distribute among 
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them, according to the importance of their work and of their own 

resources, the subventions, prizes, medals, etc., which are at its dis- 

posal. A ministry of agriculture ought to know everything, see every- 

thing, hear everything, so as to appreciate the needs of the country 

and to understand the reforms and improvements to be earried out. 

FUNCTIONS OF AN IRISH DEPARTMENT OF AGRICULTURE. 

In a country like Ireland, where agriculture plays the preponderat- 

ing part, the ministry of agriculture ought, preferably, to include all 

or aS many as possible of the branches which affect the agricultural 

interests. It ought to comprise within its jurisdiction the domains 

of the State—woods and forests, drainage and irrigation, water police, 

fisheries, restocking of rivers, pisciculture, etc. Legislation concern- 

ing property and the methods of holding it, ete., might also come 

within the scope of this ministry. 

Agriculture and industry have intimate relations with each other. 

It has been well said that they are two sisters whose interests are 

identical. They live, in fact, side by side, depending one upon the 

other, having the same needs and aspirations, their schools organized 

and worked upon the same principles, individual, initiative, and vol- 

untary associations acting in connection with them under similar con- 

ditions, the progress and prosperity of the one following the progress 

and prosperity of the other. Administrative action in their behalf 

ought, therefore, to proceed on similar lines. Thus, it seems to be of 

great importance for a country situated as Ireland is that the ministry 

of agriculture should embrace within its jurisdiction commerce and 

industry as well, so that, placed in the same hands and under a single 

management, there may be coordination without friction, and harmony 

in the efforts made by the State to advance their common interests. 

In addition to its other functions, the administration of rural high- 
ways and lines of communication, whose development and efficient 

maintenance are of such high importance to agriculture, commerce, 

and industry alike, might be within the scope of such ministry. 

Finally, the control of mines and quarries, having a relation to the 

usage of the soil, might also be logically attached to this department. 

This fusion exists in several countries, but it is not absolutely neces- 

sary, the point being one which clearly would depend upon the legal 

system and the existing organization of public works in each country. 

DIVISIONS OF MINISTRY OF AGRICULTURE. 

In our opinion, the ministry of agriculture for Ireland ought to 

comprise, at least in the main outlines, the following departments, 

or services: 
(1) Agriculture; (2) commerce and industry; (3) rural highways, 

lines of communication, agricultural tramways, light railways, mines, 
and quarries; (4) forests, waterways, and State domains; (5) general 

accounts. 
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Each of these divisions, forming a distinct and homogeneous admin- 

istration, would include services as follows: 

AGRICULTURE. 

(1) Agricultural education.—Schools of all grades, traveling professors, experi- 
ment stations, laboratories, agricultural charts, example plats, endowment of re- 

search and missions abroad, inspection of agricultural administration. 

(2) Encouragement to agriculture and legislation.—Superior council, chambers 
of agriculture, agricultural associations and syndicates, societies for mutual help, 
agriculiural shows, promotion of legislation, rural code, etc. 

(3) Agricultural hydraulics.—Irrigation, drainage, reclamation, land-improve- 

ment loans, resources for the water supply of towns, contested claims, pisciculture, 
aquiculture. 

(4) Veterinary police administration. 

(5) Statistics.—Produce and market statistics, averages of prices, monthly in- 

formation on the state of the crops, relief for losses incurred through calamities 

such as inundations, cattle plague, etc., bulletins and publications of the ministry, 

general statistics. 
COMMERCE AND INDUSTRY. 

(1) Commerce.—Chambers of commerce, tribunals of commerce, supervision of 

brokers, exchange agents, savings banks, insurance companies, tontines, encour- 

agement to navigation, treaties of commerce, national and universal exhibitions. 

(2) Industry.—Industrial and commercial legislation, inventions and patents, 

inspection of labor, industrial and commercial publications, statistics, informa- 

tion, ete. 

(3) Industrial and commercial education.—Technical schools, art and trades 

schools, schools of mines, commercial museums, missions abroad, endowment of 

research, ete. 

MINES, ROADS, WATERWAYS, ETC. 

(1) Mines and quarries.—Legislation, working, concessions, supervision. 

(2) Roads and tramways.—Concessions, construction, superintendence, exten- 

sions, legislation, water police, water courses, embankments, canals. 

FORESTS, ETC. 

Forestry staff and general service, forestry education, fellings and clearances, re- 

afforesting, sale and disposition of timber, properties, administration, purchases, 

claims. 
GENERAL ACCOUNTS. 

Preparation of the gencral budget, examination of receipts and expenditures of 

the services, order pay department, disbursements and lodgments. 

Constituted in this manner, the ministry of agriculture will form a 

compact whole, the management of which will not be beyond the 

strength of one man. The minister will be able easily to grasp and 

to dominate it in its entirety, and to impart to each of the great divi- 

sions which constitute it a fruitful and individual impulse. 

If the ministry be restricted to narrower limits—to the agricultural 

division, for example, although that may be very vast in itself—the 

minister would not, in a country like Ireland, have an administration 

important enough for his position as a member of the Government. 

He would be reduced to being an employee, would give himself up to 
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details in order to have a sufiicient occupation for his time and his 

activity, and would thus come to lose sight of the great general aims 

of his office. The separate departments of agriculture, commerce, and 

industry, wanting unity in their working and cohesion, would each 

go its own road, and their interests would be exposed to the great 

danger of friction, and even of clashing sometimes, to the great prej- 

udice of the country. The ministry of agriculture would be thus 

partially paralyzed, and, in consequence, would be unable to render 

the country any appreciable service. . 

QUALIFICATIONS OF A MINISTER. 

The minister, in the nature of things and according to the constitu- 

tion of the country, must be a politician; and his fate is bound up 

with that of the cabinet of which he forms a part. He must there- 

fore share its vicissitudes and his stay in office is limited to a period 

more or less indeterminate. This is a drawback, for it is through the 

continuity of effort that progress comes. Nevertheless, the injury 

done is less than one might suppose, for the advent of new men at the 

head of a government department, if it is to be regretted from some 

points of view, has the advantage of stimulating the services by bring- 

ing in new ideas. Each minister has his own conceptions, his own 

way of looking at things, schemes of his own for improvements and 

reforms, which oblige his colleagues to turn their attention to points 

hitherto neglected or left in the background, and almost always there 

result fresh effort and a sort of infusion of new life into the services. 

But if a minister may be changed for another without doing too 
much harm to the progress of business, there must be, on the other 

hand, great stability in the organization of the ministry. For if fre- 

quent changes were to be the rule among the officials and staff of the 

ministry, tradition would be lost and soon incoherence and hesitation 

would take the place of experience—fruit of long and patient labor 

at the same duties—and of indispensable order and unity of views. 

QUALIFICATIONS OF HEADS OF DIVISIONS. 

Unlike the minister, the men placed at the head of the different 

divisions of which we have spoken ought not to be politicians, sub- 

ject to the vicissitudes of ministerial change. They ought to be 

professional men or experts, and their office ought to be of a per- 

manent character. They ought to unite to a great experience of 

administration profound technical knowledge and an incontestable 

authority in the questions with which they have to deal. It is the 

director, or chief permanent official, whose duty it is to work with 

the minister, to enable him to understand departmental questions, to 

point out to him those to which he ought to direct his attention, and 

to indicate the reforms it is most important to proceed with and the 

progress it is most desirable to achieve. 
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- Tt follows in the same way that the director, or permanent chief, of 

each division must have to second him, at the head of the various 

sections or bureaus of his department, intelligent and trained men, 

well versed in the practice of administration—men who will be able to 

devote themselves to details and conduct researches to which he would 

be unable to give his own time. Here again arises the necessity for 

great stability. 

The number of officials and employees in each section, as well as 

their salaries, must be fixed by the minister in accordance with the 

credits voted by Parliament, but it must be the director who has the 

choosing of the staff placed under his orders. He must be their master, 

and he must be able, with the authority and approval of the minister, 

to reward those who have shown merit and zeal, and to punish those 

who do not properly discharge their duties. This, and my experience 

in the matter may be trusted, is an essential condition for the good 

working of the departments; only in this way will you save your offices 

from being clogged with encumbrances and good-for-nothings. Let 

the director himself be held absolutely responsible for the good work- 

ing of his department, and let him be replaced if he proves inefficient. 

In a ministry the work ought to be regulated and divided as ina 

manufactory. Each must have his part clearly fixed and defined, 

so that each official may know the task which he has to fulfill, and 

may perfect himself in the discharge of it. 

CONSULTATIVE BODIES. 

But it is not enough to have a well-organized ministry and well-con- 

structed bureaus and departments. The minister must have beside 

him superior councils, consultative bodies, which, meeting two or three 

times a year, will put him in direct communication, so to speak, with 

the agricultural and industrial population, and keep him cognizant of 

their aspirations and their needs. These are veritable parliaments 

of agriculture, commerce, and industry, to whom the minister appeals 

for guidance on the important improvements and reforms to be car- 

ried out by means of laws, regulations, treaties of commerce, etc., and 

who give him their advice upon all questions of general interest to 

the ministry. 
PERMANENT SCIENTIFIC COUNSELORS. 

There ought to exist, side by side with these great councils, con- 

sultative committees for each branch of agriculture and industry, 

composed of the most renowned scientists and distinguished special- 

ists. The réle of these committees must be purely technical; they 

are business committees; politics has no part in them; they should 

serve as the permanent counselors of the administration. 

COUNCILS OF AGRICULTURE, ARTS, AND MANUFACTURES. 

In France we have in this connection a superior council of agricul- 

ture, a superior council of arts and manufactures, and a superior 

| 
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council of commerce. These councils, according to their nature, are 

composed of agriculturists or manufacturers and merchants, and of 

men of science chosen from among the most distinguished of the coun- 

try. Their members belong to all districts and to al! branches of pro- 

duction. The superior councils, as they now exist, are not elective; 

their members are nominated by the President of the Republic and 

chosen from among members of the national legislature, agricultural 

and industrial societies, and chambers of commerce; scientists and 

high officials of the administration also belonging tothem. But a bill 

has now been introduced into the Chamber by the minister of agri- 

culture, providing that the superior council of agriculture shall not 

heneeforth be nominated in its entirety by the Executive, but that the 

bulk of its members shall be elected by the agriculturists themselves 

and the peasant and other landed proprietors of the different depart- 

ments. A small number of members chosen from the scientific and 

agricultural lights of the country will complete the council. The 

council will meet once or twice a year in Paris, and give its advice on 

the questions which will be submitted to it by the ministry. 

I consider that the council thus constituted will have more authority 

and more independence, and will consequently render better service, 

than one the selection of whose members rests only with the minister. 

The superior councils of arts and manufactures and of commerce are 

to have a similar origin and organization. 

PERMANENT TECHNICAL COMMITTEES. 

As regards the permanent technical committees, it is the minister 
who chooses these. It is professional men, specialists, savants, and 

practical experts whom he needs for the current work, and to serve him 

as guides, and, so to speak, everyday counselors. It is for him to 

choose them as best he can, for the matter concerns him more than 

anyone else. Politics, let it be said once more, ought to be severely 

excluded from these considerations. 
These committees, to do useful work, ought not to be too large. 

Twelve specialists, well chosen, having authority by their knowledge 

and experience, will work better and give better advice than twenty 

among whom some incompetent members may slip in. They sit at 

the ministry every week or fortnight or month, as the case may be, 

and their meetings last on an average two hours. They make reports 

on questions the examination of which is intrusted to them. These 

reports are then read and discussed, and their conclusions serve to 

guide the decisions taken by the ministry relative to each department. 

They are only called on, of course, to deliberate on matters which have 

some special importance, current business being dealt with by the 

directors. The members of these committees receive a fee of 15 frances 

foreach sitting they attend. Thisis necessary to insure steady attend- 

ance at the sittings, and thus to obtain sustained work. 

It will suffice to name some of these committees to enable their utility 



554 YEARBOOK OF THE U. 8. DEPARTMENT OF AGRICULTURE. 

and mechanism to be understood. Thus, at the ministry of agricul- 

ture in France we have— 

(1) A special committee on phylloxera. This concerns itself with all questions 
relative to the methods of combating the phylloxera, and to the reconstitution 

of the wine-growing industry. It is composed of a dozen members. 
(2) A committee of five members, whose task is to revise the demands for indem- 

nities for vines destroyed through the invasion of the phylloxera, in execution of 

the law for the preservation of the wine-growing industry in Algeria. 

(3) A technical committee, composed of twelve scientists, charged with the study 

and examination of the methods of destroying noxious insects and plants hurtful 

to agriculture. 

(4) A committee on diseases of stock, composed of fourteen members, for the 

study of all questions relative to the sanitary or veterinary police in connection 

with infected animals, slaughtering, etc. 

(5) A committee for the improvement of veterinary schools. 

(6) A committee of inspectors-general of agriculture and of agricultural edu- 

cation meets once a week to examine questions relative to the establishment and 

organization of schools, to draw up the table of promotion for the teachers and 
staff, and to make propositions on their behalf for honorary rewards. 

(7) A consultative committee on experiment stations and agricultural labora- 
tories, charged with centralizing all business in this connection, and with studying 
the unification of methods of analysis of soils, manures, etc. 

(8) A forestry committee for arranging for the felling of trees, clearing, replant- 

ing, etc. 
(9) A consultative committee on agricultural hydraulics, which examines all 

business relating to irrigation, drainage, cleansing of rivers, etc. 
(10) Asuperior council on studs, which has to deal with all improvements in the 

breeding of horses, with race meetings, the supply of remounts for the army, ete. 

If you turn to the ‘‘Annuaire” of the ministry, you will see that 

these different committees are all composed of the most competent 
men available, chosen apart from any political consideration. They 

guide the administration in a reliable fashion on all questions which 

offer any difficulty, and they cover the responsibility of the minister. 

For industry and commerce the permanent committees are equally 

numerous and varied. 
Multiplication of these committees can not be too strongly urged. 

The minister will always obtain from them trustworthy advice and 

indispensable light for rightly seeing and judging and forming in 

full security the decisions which concern the department over which 
he presides. But, it can not be too often repeated, in composing them 

you must have no regard to pleasing one person or another, and must 

think only of bringing together the men of highest competence in their 

various branches, the men who are unquestioned and unquestionable 

authorities, so that their resolutions and advice may give you all the 

guaranties desirable. There are already quite enough causes of error 

without adding to them the absence of wise and able counselors. 

Such are the bases on which I would advise you to found your ministry 

of agriculture. Ido not doubt that under such conditions it will ren- 

der the services which you expect from it, and you will be carrying out 

good administration and sound policy, to the great profit of the country. 



APPENDIX. 

ORGANIZATION OF THE DEPARTMENT OF AGRICULTURE, 
DECEMBER 31,1896. 

[Location, The Mall, between Twelfth and Fourteenth streets. ] 

SECRETARY OF AGRICULTURE, J. Sterling Morton. 

The Secretary of Agriculture is charged with the supervision of all public busi- 
ness relating to the agricultural industry. He appoints all the officers and 
employees of the Department, with the exception of the Assistant Secretary 
and the Chief of the Weather Bureau, who are appointed by the President, and 
directs the management of all the divisions, offices, and bureaus embraced in the 
Department. He exercises advisory supervision over the agricultural experiment 
stations deriving support from the National Treasury, and has control of the 
quarantine stations for imported cattle and of interstate quarantine rendered 
necessary by contagious cattle diseases. 

ASSISTANT SECRETARY, Chas. W. Dabney, jr. 
The Assistant Secretary performs such duties as may be prescribed by the Sec- 

retary. To his office have been assigned the control and direction of the scientific 
policy and operations of the following divisions and offices: The Divisions of Bot- 
any, Vegetable Physiology and Pathology, Agrostology, Pomology, Chemistry, 
Biological Survey, Entomology, and Agricultural Soils; the Office of Experiment 
Stations and the Office of Fiber Investigations, and the Department Museum. All 
questions relating to the scientific operations and policy of the above-mentioned 
divisions and offices, but involving questions of administrative policy, while pri- 
marily matters for the consideration of the Assistant Secretary, are submitted 
to the Secretary for his approval before final action is taken. 

Cuter CLERK, D. MacCuaig. 

The Chief Clerk has the general supervision of the clerks and employees; of the 
order of business, records, and correspondence of the Secretary’s office; of all ex- 
penditures from appropriations for contingent expenses, stationery, etc.; of the 
enforcement of the general regulations of the Department, and of the buildings 
occupied by the Department of Agriculture. 

SEecTION OF FOREIGN MarkeEtTs.—Chief, Frank H. Hitchcock.? 

The Section of Foreign Markets makes investigations and disseminates infor- 
mation ‘‘ concerning the feasibility of extending the demands of foreign markets 
for the agricultural products of the United States.” 

LIBRARIAN, W. P. Cutter. 

BUREAUS AND DIVISIONS. 

WEATHER BUREAU (corner Twenty-fourth and M streets NW.).—Chief, Willis 
Li. Moore; assigned as Assistant Chief, Major H. H. C. Dunwoody, U.S. A.; 
Chief Clerk, James R. Cook; Professors of Meteorclogy, Cleveland Abbe, F. H. 
Bigelow, Henry A. Hazen, Charles F. Marvin, Edward B. Garriott. 

The Weather Bureau has charge of the forecasting of weather; the issue of 
storm warnings; the display of weather and flood signals for the benefit of 

1 For subject-matter of Appendix, see under Contents, page 5. 
2Appointed January 9, 1897. 

or or Si 
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agriculture, commerce, and navigation; the gauging and reporting of rivers; the 
maintenance and operation of seacoast telegraph lines, and the coilection and 
transmission of marine intelligence for the benefit of commerce and navigation; 
the reporting of temperature and rainfall conditions for the cotton, rice, sugar, 
and other interests; the display of frost and cold-wave signals; the distribution 
of meteorological information in the interests of agriculture and commerce, and 
the taking of such meteorological observations as may be necessary to establish 
and record the climatic conditions of the United States, or as are essential for the 
proper execution of the foregoing duties. 

BUREAU OF ANIMAL INDuUsTRY.—Chief, D. E. Salmon; Assistant Chief, G. M. 
Brumbaugh; Chief Clerk, 8. R. Burch; Chief of Inspection Division, A. D. Mel- 
vin; Chief of Miscellaneous Division, A. M. Farrington; Chief of Pathological 
Division, Victor A. Norgaard; Chief of Biochemic Division, E. A. de Schweinitz; 
Chief of Dairy Division, Henry E. Alvord; Zoologist, Ch. Wardell Stiles; In 
charge of Experiment Station, E. C. Schroeder. 

The Bureau of Animal Industry makes investigations as to the existence of con- 
tagious pleuropneumonia and other dangerous communicable diseases of live 
stock, superintends the measures for their extirpation, makes original investiga- 
ions as to the nature and prevention of such diseases, and reports on the condition 
and means of improving the animal industries of the country. It also has charge 
of the inspection of import and export animals, of the inspection of vessels for the 
transportation of export cattle, and of the quarantine stations for imported neat 
cattle; supervises the interstate movement of cattle, and inspects live stock and 
their products slaughtered for food consumption. 

DIVISION OF STATISTICS.—Statistician, Henry A. Robinson; Assistant Statistician, 
Henry Farquhar. 
The Division of Statistics collects information as to the condition, prospects, and 

harvests of the principal crops, and of the numbers and status of farm animals, 
through a corps of county correspondents and the aid of a supplementary organi- 
zation under the direction of State agents, and obtains similar information from 
European countries monthly through the deputy consul-general at London, assisted 
by consular, agricultural, and commercial authorities. It records, tabulates, and 
coordinates statistics of agricultural productions, distribution, and consumption, 
the authorized data of Governments, institutes, societies, boards of trade, and 
individual experts, and issues a monthly crop report and occasional bulletins for 
the information of producers and consumers, and for their protection against 
combination and extortion in the handling of the products of agriculture. 

OFFICE OF EXPERIMENT STaTIONS.—Director, A. C. True; Assistant Director, 
E. W. Allen. 
The Office of Experiment Stations represents the Department in its relations to 

the experiment stations which are now in operation in all the States and Territo- 
ries. It seeks to promote the interests of agricultural education and investigation 
throughout the United States. It collects and disseminates general information 
regarding the colleges and stations, and pnblishes accounts of agricultural investi- 
gations at home and abroad. It also indicates lines of inquiry, aids in the conduct 
of cooperative experiments, reports upon the expenditures and work of the stations, 
and in general furnishes them with such advice and assistance as will best promote 
the purposes for which they were established. It is also charged with investiga- 
tions on the nutritive value and economy of human foods. 

DIVISION OF CHEMISTRY.—Chief Chemist, Harvey W. Wiley; Qirst Assistant 
Chemist, 

The Division of Chemistry makes investigations of the methods proposed for 
the analyses of soils. fertilizers, and agricultural products, and such analyses as 
pertain in general to the interests of agriculture. It can not undertake the analy- 
ses of samples of the above articles of a miscellaneous nature, but application for 
such analyses should be made to the directors of the agricultural experiment sta- 
tions of the different States. The division does not make assays of ores nor analyses 
of eemerals except when related to general agricultural interests, nor analyses of 
water. 

DIVISION OF ENTOMOLOGY.—Entomologist, L. O. Howard; First Assistant Ento- 
mologist, C. L. Marlatt. 
The Division of Entomology obtains and disseminates information regarding 

insects injurious to vegetation; investigates insects sent to the division in order 
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to give appropriate remedies; conducts investigations of this character in differ- 
ent parts of the country, and mounts and arranges specimens for illustrative and 
museum purposes. ; 

DivIsION OF BIOLOGICAL SURVEY.—Chief, C. Hart Merriam; Assistant Chief, 
eS amet: 

The Division of Biological Survey studies the geographic distribution of animals 
and plants, and maps the natural life zones of the country; it also investigates 
the economic relations of birds and mammals, and recommends measures for the 
preservation of beneficial and the destruction of injurious species. 

DIVISION OF FORESTRY.—Chief, B. E. Fernow; Assistant Chief, Charles A. Keffer. 

The Division of Forestry is occupied with experiments, investigations, and re- 
ports dealing with the subject of forestry, and with the dissemination of informa- 
tion upon forestry matters. 

Division oF Botany.—Botanist, Frederick V. Coville; First Assistant Botanist, 
G. H. Hicks. 

The Division of Botany investigates botanical agricultural problems, including 
the purity and value of agricultural seeds; methods of controlling the spread of 
weeds or preventing their introduction into this country; the dangers, effects, and 
antidotes for poisonous plants; the native plant resources of the country, and other 
subjects of economic botany. 

Division OF VEGETABLE PHYSIOLOGY AND PATHOLOGY.—Chief, B. T. Galloway; 
First Assistant Chief, Albert F. Woods. 

The Division of Vegetable Physiology and Pathology has for its object a study 
of the normal and abnormal life processes of plants. It seeks by investigations in 
the field and experiments in the laboratory to determine the causes of disease and 
the best means of preventing the same. It studies plant physiology in its bearing 
on pathology. 

DIVISION OF AGROSTOLOGY.—Chief, F. Lamson-Scribner; First Assistant Chief, 
Jared G. Smith. 

The Division of Agrostology is charged with the investigation of the natural 
history, geographical distribution, and uses of grasses and forage plants, their 
adaptation to special soils and climates, the introduction of promising native and 
foreign kinds into cultivation, and the preparation of publications and correspond- 
ence relative to these plants. 

Diviston oF PomoLoGy.—Pomologist, Samuel B. Heiges; Assistant Pomologist, 
W. A. Taylor. 

The Division of Pomology collects and distributes information in regard to the 
fruit interests of the United States; investigates the habits and peculiar qualities 
of fruits, their adaptability to various soils and climates, and conditions of culture, 
and introduces new,and untried fruits from foreign countries. 

DIVISION OF AGRICULTURAL SOILS.—Chicf, Milton Whitney. 

The Division of Agricultural Soils has for its object the investigation of the 
texture and other physical properties of soils and their relation to crop production. 

OFFICE OF FIBER INVESTIGATIONS.—Special Agent in Charge, Chas. Richards 
Dodge. 

The Office of Fiber Investigations collects and disseminates information regard- 
ing the cultivation of textile plants, directs experiments in the culture of new and 
hitherto unused plants, and investigates the merits of new machines and processes 
for preparing them for manufacture. 

OFFICE OF PuBLIC Roap Inquiries.—Director, Roy Stone. 

The Office of Public Road Inquiries collects information concerning the systems 
of road management throughout the United States, conducts investigations regard- 
ing the best method of road making, and prepares publications on this subject. 

GARDENS AND GRoUNDS.-—Horticulturist and Superintendent of Gardens and 
Grounds, William Saunders. 

The Division of Gardens and Grounds is charged with the care and ornamenta- 
tion of the park surrounding the Department buildings, and with the duties con- 
nected with the conservatories and gardens for testing and propagating economic 
plants. 
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Division OF PuBLicaTions.—Chief, Geo. Wm. Hill; Assisiant Chief, Joseph A. 
Arnold; Superintendent of Doewment and Folding Room, George F. Thompson. 

The Division of Publications exercises general supervision of the Department 
printing and illustrations, and has charge of the distribution of all Department pub- 
lications with the exception of those turned over by law to the Superintendent of 
Documents for sale at the price affixed by him; it issues, in the form of press 
notices, official information of interest to agriculturists, and distributes to agricul- 
tural publications and writers synopses of Department publications. 

DIvISION OF ACCOUNTS AND DISBURSEMENTS.—Chief, Frank L. Evans; Assisé- 
ant Disbursing Officer (in charge of Weather Bureau disbursements), A. Zap- 
pone; Cashier, Everett D. Yerby. 

The Division of Accounts and Disbursements is charged with the adjustment of 
all claims against the Department; decides questions involving the expenditure of 
public funds; prepares contracts for annual supplies, leases, and agreements; 
issues requisitions for the purchase of supplies, requests for passenger and freight 
transportations, and attends to all business relating to the financial interests of. 
the Department, including payments of every description. 

THE PUBLIC DOMAIN. 

Since the original publication of the report of the Secretary of Agriculture 
(pages 9-54 of this volume) the following additional information relative to the 
disposition of the public domain referred to therein has become avyailable:!' 
‘The homestead act was passed May 20, 1862,since which time 162,892,132 acres 

have been entered by homestead settlers. Of this amount, 102,902,409 acres have 
been patented or will be patented when the conditions of the law have been com- 
plied with. Of the remainder, it is estimated 42,000,000 acres represent entries 
which have been canceled, and 17,989,723 acres commuted to cash and accounted 
for under that head. 

“‘Ttis estimated that 335,691,752 acres have been disposed of by preemption, cash 
sales, scrip locations of all kinds, military bounty-land warranis, town-site, desert- 
land, timber-culture, timber and stone entries, Indian allotments, and donations 
to settlers. 

‘“‘The total number of mineral entries made under laws providing therefor is 
29,820 (including coal entries), of which 1,149 have been canceled, the remaining 
entries embracing an estimated area of 573,420 acres. 

«* There have been patented to railroads and wagon roads since Septeniber 20, 1850, 
when the first grant was made, * * * 85,729,751 acres. * * * 

‘‘In addition to the lands patented, there are yet due to railroads and wagon roads 
under their grants about 114,736,639 acres, of which not more than 60 per cent, or 
about 70,000,000 acres, are available for patenting under the conditions of the 
grants, as the remainder of the granted and indemnity lands have been taken by 
actual settlers, or are within the 6-mile limits of mineral lands. 

‘‘The total grants of lands to the various States and Territories up to March 12, 
1896, aggregated 181,868,630 acres, in addition to agricultural college scrip for 
7,830,000 acres and 22,000 acres granted to the State of Kentucky for a deaf and 
dumb asylum, both heretofore taken into account. All the lands granted to the 
States and Territories have not, however, been segregated from the public domain, 
the actual amount segregated being estimated at 166,232,615 acres, of which 
66,423,297 acres were for the support of the common schools, 5,623,120 acres (in 
addition to scrip) for the benefit of agricultural and mechanical colleges and uni- 
versities, and the remainder (of which 80,620,000 acres are estimated as swamp 
land) was given for public buildings, charitable, penal, and reformatory institu- 
tions, and for internal improvements. 

*% * & = * * % 

‘‘Tn addition to the foregoing disposition of the public domain, it is estimated that 
78,500,000 acres have been segregated by private grants from Congress, and by 
claims which had their origin under concessions from a foreign Government before 
the acquisition by the United States of the territory in which they are located. 

‘* The total of all lands segregated under the above heads [together with the exist- 
ing Indian, military, and forest reservations and the National parks] aggregates 
946,219,169 acres. 

# * * * % * * 

‘‘In the past thirteen years * * * the Government has, by patents to States, 

1See Annual Report of the Secretary of the Interior for the fiscal year ending 
June 30, i886. 

Bat 
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railroads, homestead and other settlers, and by sales, disposed of about 326,000,000 
acres of the public domam. *—*--* Moreover, it is reasonable to conclude that 
a very considerable portion of the public domain remaining undisposed of is 
undesirable, because not susceptible of cultivation and not valuable by reason of 
timber growth or mineral deposits.” 

STATISTICS OF THE PRINCIPAL CROPS AND FARM ANIMALS. 

Acreage, production, and value of corn and wheat in 1896 

Corn. Wheat. 

Pee. tee prs eas cs Sf ee 
Acres. Bushels, Value. Acres. Bushels. Value. 

WEISS aetiem = «wae cinn~== 14, 780 546, 860 $257, 024 7,770 170, 940 $143, 590 
New Hampshire ------- 27, 660 1,161, 720 522, 174 2,47 51, 387 51, 387 
Wai 7) ae 48, 642 1, 994, 322 757, 842 8, 407 205, 972 191, 554 
Massachusetts --------- 42,920 1, 845, 560 848, oi (erence on eet rene! noel ey J oe 
Bhode Isiand -...-.--..- 8, 848 300, 832 BA AQ ee co eS es | eee 
Connectieus....-.=..-.- 46, 658 1, 773, 004 Mee Oe en. once Ssealee coe et on | See 
New Mork o-. --..-..-- 526, 257 17, 892, 738 6, 799, 240 396, 873 6, 349, 968 5, 587, 972 
Mewedlersey--..---..... 282) 586 9, 325, 838 3, 357, 122 101, 651 Ile 55D, 260 1,384, 181 
Pennsylvania .--------- 1,311, 875 52,475,000 | 17,316,750 | 1,266,949 | 17,737,286 | 14,721,947 
Wolewares. 2.3.2... 224, 258 4,933, 676 1, 233, 419 97, 712 1, 75S, 816 1,530, 170 
MMamimianer 2-.- <= --- 623, O04 19, 936, 128 6, 379, 561 463, 457 7, 878, 769 6, 933, 317 
Vali ee 1,770, 604 38, 067,986 | 12,181, 756 615, 582 5, 724, 913 4, 579, 930 
North Carclina ---- .--- 2, 458, 679 29,504,148 | 10,916, 535 633, 140 rs 621, 922 = 836, 195 
South Carolina-------.- 1, 753, 486 15, 781, 37 7, 259, 432 140, 868 957, 902 852, 533 
Shire ae site 514 32,829,654 | 14,116,751 212, 484 iz 699, 872 1,512, 886 
Ute 2) 6, 094 4, 850, 940 2576, BOBS | rhs ey AY) ate ep cae reas eee 
Lop iit 2 es 2, OS 606 82,445,075 | 14, 600, 284 49, 273 394, 184 335, 056 
Mississippi .--..-.---.--| 2,072, 103 27, 973, 890 | 12,308, 292 4, 462 1, 927 31, 100 
sae eana = -.-- --—-.-- 1,197,310 15, 565, 080 ODES SEL || ee eee oo oe 5 eee ee 
Wi 3, 392, 486 32,228,617 | 13,213, 733. 387, 112 4,529, 210 3, 396, 908 
1 UCC 2,201, 767 29,723, 854 | 10,997, 826 157, 590 ie 269, 7 20 895, UL 
Tennessee -------------- 3, 125, 802 71, 895, 446 | 20,130, 165 779, 819 6, 628, 462 4, 905, 062 
West Virginia --...----- 722, 912 21, 689, 160 7, 3874, 314 398, 836 4,056, 511 3, 164, 079 
tae eee ee 2, 890, 441 80, 932,348 | 20, 233, 087 801, 938 6,976, 861 5, 302, 414 

i 3, 016, 877 123,691, 957 25,975,311 ! 2,422,224 | 21,800,016 | 17,004,012 
Michigan 2 Ge Se eae 1, 053, 735 40, 041, 930 9,610,063 | 1,228,117 | 15,719,898 | 18,204,714 
LGU Sr 3, 813, 379 133; 468, 265 25, 358, 97 2,294,160 | 20, 647, 440 | 16,517, 952 
MUNRO Sos see =: 7,026, 488 284,572,764 | 51,223/098 | 1,950,214 | 28,668,1 21, 214, 428 
MWasconsin—., -.....-=-.-- 1, 051, 083 38, 890, O71 8,555, 816 669, 694 8, 898, 950 6, 229, 265 
M@onmesotw. 5-_...-.....- 1, 129, 409 34, 446, 974 6,544,925 | 3,281,624 | 46,599,061 | 31,692,361 
(ee ee 8, 249, 219 321,719,541 | 45,040! 736 717,072 | 11,478,152 7, 118, 354 
Wissourtss 212.7. _.- 6,546,987 | 176,768,649 | 35,353,730 | 1,418,331 | 16,594,473 | 11,616,131 
Li Tina (a 8, 847, 643 247,734,004 | 44 592, 121 2,905,137 | 30,794,452 | 19, 400, 505 
iS ly Le ee 7, 962, 657 298) 599, 638 | 38,817,953 | 1,385,043 ! 19,390,602 | 11,246,549 
Soutn Dakota .--...---- 1, 197, 575 31; 136, 950 7 604, 651 | 2,462,808 | 27,583,450 | 17,101,739 
North Dakota. -.-...-.-- 27, B44 974, 540 ,635 | 2,529,534 | 29,848, 501 19, 103, O41 
Montaniae-5-- ..--...--- 1,381 dt, 606 20; 764 45, 443 1, 204, 240 794, 798 
Wexorning 2.--.. ....-=-- 2, 483 62, 075 48, 418 9,148 224, 126 138, 958 
(eo 5 ere 178, 308 2, 852, 928 1, 027? 054 159, 839 2, 197, 182 1, 706, 281 
New Mexico.-........... 24, 388, 160 213, 488 38, 957 818, 097 B39, O44 
eh thy. 22 BE Sa RS) | le ie Sel [ea eee ame ees 14, 500 333, 500 266, 800 
ijt ee a ae 8, 650 216, 250 110, 288 105, 802 2, 803, 753 55 
bk Gh io. 2) SEE a SS ea eee ess eee eames 6, 001 180, 030 : 
Pi ae pam 2 ae eae (ne ene Ee | (eee ere 98,127 | 2,404112 | 1,562/673 
Washington .-......-..-. 6,818 95, 452 54, 408 464, 344 8, 358, 192 6, 185, 062 
(Pepe s ss. <- 5 522.--- 13, 529 297, 688 166, 677 602;773 | 10,247,141 7) 877, 942 
eit A 59, 529 2, 202, 578 1,167,364 | 3, 088° 849 | 45,097,195 | 37,430,672 
COLEUS Sor: Ao an ne eee [ces ae ee  ciceaeicieeiaiiaed ieieeieeeeeies 200, 135 2, 601, 755 1, 769, 193 

J fo: "oe 81,027,156 | 2, 283,875,165 | 491,006, 967 | 34,618, 646 | 427,684,346 | 810, 602, 539 

Production and exports of corn for the years 1894 to 1896. 

eae, Totalarea| Total pro- |Total value Value | Yield | Value Exports for fiscal 
: per per aoe of crop. duction. of crop. tahal haere... |' acre. year, 

Acres. Bushels. Dollars. Cents. |Bushels.| Dolls. Bushels. | Per ct. 
Se eee 62, 582, 269 | 1,212, 770,052 | 554, 719, 162 45.7 19.4 8.86 | 28,585, 405 2.4 
in i 82, 075, 830 | 2,151,138, 580 | 544, 985, 534 25. 3 26.2 6.64 | 101,100, 375 4.7 
1) ae 81, 027, 156 2) 2: 83; 875, 165 491, 006, 967 21.5 28.2 6.05 gaged wae 4 ese 
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Production and exports of wheat for the years 1894 to 1896, 

x Slat |aUi 
Y Totalarea| Total pro- | Total value ee a ee Exports for fiscal 
oar. of crop. duction. of crop. ayaa. || Eee aes year. 

Acres. Busheis Dollars. Cents. |Busheis.| Dolls. Bushels. | Per ct. 
Reson eo. 2 34, 882,436 | 460,267,416 | 225, 902, 025 49.1 2 6.48 | 144, 812, 718 31.5 
13 ae 34, 047, 832 467, 102,947 | 287,938, 998 50.9 13.7 6.99 | 126, 443, 968 27.1 
eee 34, 618, 646 427 684,346 | 310, G02, 539 72.6 12.4 SEAL (a Uhl Seba a sets Se ig CIE 

Disposition of the corn crop of 1896. 

: Consumed in | Shipped out of 
State or Terri- Cra .| Stock on hand : Sepen Tatae 3 e p of 1898. > county where county Merchantable. 

tory. March 1, 1897. grown. where grown. 

Bushels. Bushels. |P.ct.| Bushels. |P.ct.| Bushels. let. Bushels. |P.ct. 
WEAIMO asec ---=- 546, 860 164,058) 30 541, 391 99 5, 469 1 426, 55 73 
New Hampshire 1,161, 720 406,602] 35 IGT 20h IOUS. 25 lees 1,038,931] 89 
Wenmont---- .-.- 1, 994, 322 817, 672} 41 HeOOF ore); LOO: <2 sien 1,735,060) 87 
Massachusetts-- 1, 845, 560) 627,490, 34 Sts 560]! WOO) Sa 22-7 tes 1, 605,637] 87 
Rhode Island --- 300, 832 141,391) 47 285,790} 95 15, 042 5 264,782] 83 
Connecticut .--- 1, 773, 604 656,011) 37 1, 737, 544 8 35, 460 2 1, 489, 323] 84 
New York --..-- Mi, 82, 738 8, O51, 732) 45) 17%, 355, 956] 97 536, 782 3} 14,493,118) 81 
New Jersey----- 25, 338 4 103, 149) 44 392 804) 90 932, 534) 10 8,299,551] 89 
Pennsylvania--- 52 rir 000} 23,613,750! 45) 46,178,000) 88] 6,297,000} 12} 45,128,500! 86 
Delaware ------.- 4, 933, 676 466, 838) 50 3,205,889} G65) 1,726,787) 35 4,341,635] 88 
Maryland.---.--- 19, 936, 128 9,170,619; 46) 13,157,844) 66] 6,778,284) 84] 17,844,431) 87 
Mainginia,.-...--. 38,067, 986 17,891,953} 47) 31,977,108} 84! 6,090,878} 16) 31, 977, 108} 84 
North Carolina.| 29,504,148} 18,276,867) 45) 27,783,899) 94) 1,770,249 6 93° 898; 360) 81 
South Carolina-| 15,781,374 048,501} 51) 15,465,747) 98 315, 627 2 if, 045, 423] 89 
Clot 32,829,654, 16,414,827) 50} 31,516,468) 96! 1,313,186 4; 27,905,206] 83 
loOrigd=--=-. =... 4, 860, 940 1,944,376] 40 4,569,284) 94 291, 656 6 3,791,533) 78 
Piabame.-_..-=- 82,445,075; 14,924,734) 46 30, 822,821; 95) 1,622, 254 5} 26,604,962} 82 
Mississippi--..-- 27, 973, 390 , 308, 292) 44) 27,184,188) 97 839, 202 3] 23,497,648} 84 
Louisiana ------- 15, 565, 030 4,980,810) 32 15, 253, 729| - 98 311, 301 2) 11,678, 772| 75 
Memsise es... 5: 32, 228, 617 6,123,437; 19) 381,261,758) 97 966, 859 3| 18,048,026} 56 
Arkansas:-.-..-- 29, 723, 854 9,214,395} 381) 29,426,615) 99 297, 239 1} 19,617,744, 66 
Tennessee .--..- 71, 893,446) 30,195,247) 42) 60,390,495) 84) 11, 502, 951 16} 61,109,425) 85 
West Virginia-.| 21,689,160 9,109,447} 42) 19,520,244) 90 2; 168,916) 10 18) 002/003} 83 
Kentucky.------- 80, 932, 348) 36,419,557) 45) 72,889,113) 90 8, 093, 235 10 67, 983, 172| 84 
ia 123) 691,957 61, 845,978) 50} 87,821,289) 71) 35,870,668) 29) 110,085,842) 8s9 
Michigan ...... -- 40) 041, 930 18,819,707| 47] 35,236,898] 88 4 805,032] 12) 84,436,060) 86 
Fridiangd 2-2: - .-2: 133, 468, 69, 403, 498 2) 90, 758,420] 68 42) 709, 845] 32) 122,790,804; 92 
Milimoisiee——- . -.=. 284, 572, 764) 156,515,020) 55) 159,360,748] 56 125, 212° 016} 44) 261, 808, 943} 92 
Wisconsin ------ 88,890,071] 17,111,631) 44 36, 167, 766} 93 722, 305 if 31, 500,958] 81 
Minnesota. ------ , 446,974, 15,501,188) 45) 32,035,686) 93 y fii 288 vi 26, 524, 170] YT 
haya ae 321; 719, 541 193; 031, 725} 60) = 420,874] 71 93, 298) 667} 29) 231,638,070! 72 
MIRSOUPL 5. .--=- 176, 768, 649 83, 1,265) 47 2,021,038} 86 ot) 747, G11} 14) 148,485,665} 84 
LEDC 24 734, 004 121,389, 662) 49 16s" 981,783} 67] 81, 7152, 221| 33] 227,915,284] 92 
Nebraska ----.-- 298, 599,638) 176,173,786] 59 146, 313, 823) 49 152, 285,815} 51) 265,758,678] 89 
South Dakota...| 31,136,950} 18,682,170} 60} 26,155,038) 84) 4,981,912) 16] 25,220, 9: 81 
North Dakota -- 974, 540 243) 635] 25 964,795) 99 9, 745 1 682,178} 70 
Montana ---..... 34, 606 6,921; 20 Be, GOO erlOUl = sewer en 27,685| 80 
W youlinpe.-- 2-2 62, 075 31,038] 0 57,730] 93 4,345 7 40,349} 65 
Colorado..---.-. 2, 852, 928 713, 232| 25 2,767,340) 97 85, 588 3 2,196,755) 77 
New Mexico...-. 388, 160 124,211; 32 864, 870) 94 23, 290 6 333,818] 86 
wi 20 el eee al A pis © a a Ee ee Rt Boe Beers 16) RES ee Att) eee ee 87 

Cie. i es 216, 250 54,062) 25 207,600) 96 8, 650 4 157, 862) 73 
LUG) 2 ee Soe, See be eae age ere BO) Saeenciosene-'- St ee 5 ee Ibi. oeancemenes 8 
LLG Ln one SESE A eee eo ee | a eee OO | Sere s eck 1) eee eS oe 8&2 
Washington ---- 95, 452 19,080} 20 87,816) 92 7, 636 8 81,134) 8&5 
Prepon 2s. ~. =. 297, 638 35,717; 12 285,732] 96 11, 206 4 229,181] 77 
California. -..... 2, 202, 573 550, 643} 25 i 806, 110} 82 896, 463) 18 1,982,316} 90 
PS ha) to) a ee eee eee oat BON oe ee Sh Baie hte 16 |e sSvereeere 78 

Total. ..... 2, 283, 875. ia ca 405,884! 51)1, 660, 619, 251| 72. 7/623, 255, 914) 27. 3/1, 936, 206, 537] 84.8 

12 A96 36 
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Disposition of the wheat crop of 1896. 

Consumed in Shipped out of | Weight : Stock on hand State or Territory. |Crop of 1896. ra ~ county county per 
- e March 1, 1897. where grown. | where grown. | bushel. 

Bushels. Bushels. |P.ct.| Bushels. |P.ct.| Bushels. | P.ct.| Pounds. 
LETS ee 170,940 73, 504 43 7G; S20 OO bac 2 ae eee 58 
New Hampshire ---- 51, 387 15, 416 39 BT SG LO! ee Sos cae (eee 56 
rormon ts. .=--:-52-- 205, 972 74, 150 36 205 972) tw OO) Nesecescee oe poe ee 60 
LE i 6, 349, 968 2, 222, 489 35 4, 000; 480 63 2, 349, 488 By 58 
New Jersey --------- 1, 555, 260 404,368 | 26 rf 353, O76 87 202, 184 13 60 
Pennsylvania ------- 17, 737, 286 5,321, 186 30 | 13,502, 964 75 4, 434, 822 25 58 
Delaware-.-.--------- 1, 758, 816 386, 940 22 756, 291 43 1, 062, 525 57 59. 
imyiand .--.=.--.- 7, 878, 769 1,575, 754 20 8, 151, 508 40 4, 727, 261 60 58 
Werringa,-.-.-_......- 5, 724, 913 1, 202, 232 21 8, 434, 948 60 2, 289, 965 40 58 
North Carolina ----- 4, 621, 922 1, 155, 480 25 4, 483, 264 7 138, 658 58 
South Carolina----.-- 957, 902 143, 685 15 G57, G02) LOO Vee a Ss ee ee 59 
emanris 2 <>. =. = --- 1, 699, 872 305, 977 18 1, 648, 876 97 50, 996 3 58 
PATNA oO. == = =5-- 394, 184 , 186 14 382, 358 97 11, 826 3 58 
Mississippi ---------- 37, 927 7, 965 21 SG It le ROO) | Fee oe eee eee 57 
GSS ae 4,529,210 543, 505 12 4, 076, 289 90 52, 921 10 56 
JA 1, 260, 720 277, 358 22 1, 147, 255 91 113, 485 9 57 
Tennessee --_--------- 6, 628, 462 1, 325, 692 20 4, 308, 500 65 2,319, 962 35 57 
West Virginia.-...--| 4,056,511 1, 095, 258 27 3, 042, 28 75 1,014, 128 25 58 
MoneuGky —.....!--.- 6, 976, 861 1, 046, 529 15 4, 395, 422 63 2,581, 439 37 56 
@hio |. -..- a 21, 800, 016 5, 014, 004 23 | 14,606, 011 67 7,194, 005 33 54 
Miehipan —>___-_--..- B57 19, 898 3, 772, 776 24 6, 916, 755 4t 8, 803, 143 58 58 
Dini eS a aa 20, 6477 440 3, 510, 055 17 | 11,562,566 56 9, O84, 874 44 56 
Cnn oye eo 28, 668, 146 4,586, 903 16} 14,334, G73 50} 14,334,073 50 56 
Wisconsin =-2—-.-..-- 8, 898, 950 8, 025, 648 34 7, 208, 150 81 1, 699, 800 19 55 
Minnesota --.-..----- 46,599,061 | 12,115,756 26 | 15,843, 681 34 | 80,755, 380 66 56 
Copy Se ees ae 11, 473, 152 8, 556, 677 Ba 7, 228, O86 63 4, 245, 066 37 57 
Lists 16,594 473 2,821, 060 17 9, 126, 960 55 7, 467, 513 45 56 
Ln oo! ee 30, 794, 452 4,927,112 16 | 15, 397, 226 50 | 15,397, 226 50 58 
NGbraska-—......_.. 19, 390, 602 5, 429, 569 28 9, 695, 301 50 9, 695, 301 50 56 
South Dakota -._-.-- 27, 583, 450 7, 447, 582 27 8, 275, 035 30 | 19,308, 415 70 57 
North Dakota------- 29, 848, 501 5, 372, % 18 6, 566, 670 22 | 23,281, 831 78 57 
Mombaniae=——..--.---- Ly 204, 240 240, 848 20 . O47, 689 87 156, 551 13 538 
aye ee Se 224, 12 71,72 82 201. 713 90 22, 4138 10 62 
Golurado.—--.----.- 2, 797, 182 559, 436 20 1, 762, 225 63 1, 034, 957 37 59 
New Mexico---_.----- 818, 097 171, 800 21 719, 925 88 98, 172 12 58 
iG ae 833, 500 66, 700 20 296, 815 89 35, 685 il 60 
Li ass 5 i 2, 803, 753 841, 126 30 1, 514, 027 54 1, 289, 726 46 60 
Lipo aos 5 ae 180, 630 28, 05 16 149, 425 83 30, 665 17 58 
(ie 7 ees 2, 404. 112 528, 905 22 961, 645 40 1, 442, 467 60 59 
Washington --------- 8, 358, 192 919, 401 il 2, 507, 458 30 5, 850, 734 70 60 
reson eq. -..2-.. 10, 247, 141 1,537, 071 15 3 688, 971 36 6,558, 170 64 59 
Galitornin -..—.- -==.- 45, 097, 195 4, 058, 748 9| 14, 431, 102 32 | 30,666, 098 68 60 
Gkighoma.....-....- 2, 601, 755 312, 211 12 1, 509, 018 58 1, 092) 7 737 42 59 

Pioudiee..---=-52 - 427,684,346 | 88,149,072 | 20.6 | 206,458, 269 | 48.3 | 22 21, 226, O77 | 51.7 57.1 
' 

Quantities of wheat and wheat flour capor led from the United States to the reste 
countries of destination during the jive years ending June 30, 1896. 

Year ending June 30— 
Country to which | Annualaverage, 

> 1209_7 9008 

exported. 1802. 1393. 1894, | 1995. 1898. 1892-1806. 
| 

; Bushels. Bushels. Bushels. Bushels. Busiels. Bushels. | P.ct. 
ELD fo dite wu 3 ons xe = 20,491,228 | 9,674,903 | 7,850,504 | 5,919,209 | 3,488,189 | 9,474, 406 5.5 
aera... so... 1,926,351 | 1.813)373 1,151, 141 802, 676 629, 661 | 1,264, 640 ey 
Uo ee a 43, 086, 297 7, 502, 565 8. 709. 934 1,601, 750 127,472 | 12,205, 604 7.2 
Germany ....-...----- 7, 830,172 | 4,080,062 | 3,048,359 | 3,681,855 | 1,751,212] 4,088,382 | 2.4 
Netherlands -....._.-- 11,051,313 | 12,847,732 | 11,992,895 | 7,584,118 | 3,755, 666 9) 446, 244 5.5 
(2ar cc a i 3,161,013 5, 008, 230 5, "57, 623 | 2,692,078 8, 098, 101 3, 943, 409 2.3 
Sweden and Norway-| 1,389,337 | 1,047,132 747,563 713, 720 464, 062 872, 363 5 
United Kingdom Bate Sed 110,511, 555 |119, 141, 504 | 95,810,986 | 94, 087, O87 80, 598, 6389 |100, 029, 954 58.6 
(Oc i ea 6, 986, 654 4 772, 419 6 RG, 943, 7, 714, 739 G 149, 875 7,182,126 4.2 
Central America-_-_..- 1, 068, 754 1 019, 454 | 1,163,340 | 1,809,045 | 1,198,301 | 1,151,779 By 
2s atrfe) SS a ee 156, 770 240; 451 238, 780 242, 230 211, 881 218, 022 ok 
British West Indies ..| 2,143, 498 2, 303, 282 2,476, 809 2,344, 948 2,578, 714 | 2,369, 450 1.4 
clr 8 ee 1, 647,886 | 2,775,053 | 2,980,116 | 1,709,376 795, 357 1,981,548 1.2 
ei 28 eee | e298. ORE 8, 830, 604 | 4,143,973 3; 489. 475 | 38,921,659 | 3, 934, 759 2.3 
British Guiana-_-...-... 709, 376 818, 370 984, 812 878, 954 71, 653 828, 633 5 
Wenezuela -<:-2225-.-: 883, 607 955, 174 074, 447 921, 600 986, 687 944, 303 .6 
Hongkong __.....--_-- 2,059,605 | 2,475,504 | 2,626,236 | 3,554,043 | 3,713,031 | 2,886,702 | 1.7 
Other countries -....-. 6,214, 362 | 8,606,733 | 7,339,168 | 5,565, 822 11, 270, 808 7,801, 378 | 4.6 

4: 1225, 665, 812 /191, 912, 635 pos, 28 283, 120 |144, 812, 718 |126, 443, 968 0.0 170, 623, 652 at 
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STATISTICS OF THE PRINCIPAL CROPS. 

Disposition of the oat crop of 1896. 

565 

State or Territory. |Crop of 1896. 
Steck on hand 
March 1, 1897. 

26, 954, 675 
1, 810, 245 

16, 950, 806 
208, 267 
612, 058 

8, 142, 150 
1, 444, 314 

295, 480 
1, 017, 058 

109, 946 
801, 877 
223, 898 
17, 272 

2,027,018 
1, 167, 35, 

32, 628, $38 
28, 950, 831 
49, 651, 672 
7, 146, 176 
8, 094, 978 

18, 750, 947 
10, 056, 169 
5, 169, 842 
1, 281, 323 

150, 232 
$88, 275 
101, 782 

Bushels. 
TC a 5, 869, SSO 
New Hampshire ----- 1,160, 558 
Sig 2510 15 i 4, 716, 306 
Massachusetts ------- 549, S64 
Rhode island--------- 112, 950 
Connecticut ..--.--...- 641, 016 
Mew Monies .2s.2=.2.2 49,916, 064 
New Jersey .--------.| 8,620, 490 
Pennsylvania --..-.-. 35, 086, 827 
Wiohaweare..--.-.-... 548, 07 
MMe vag ....- .- =. 2, 040, 192 
Ving 8, 492, 296 
North Carolina ------ 5, 777, 256 
South Carolina----.-- 2, 9a4, 798 
ch: 6 5, 085, 288 
IGG 549, 732 
Mighama 2 =2s2 =. 2... 4,454, 870 
Mississippi - ---------- 1,599, 273 
Monisians —--------.-- 345, 45 
WGSa> (oe 12, 668, 860 
APPA SAS = 52a 2 = =. 5, 075, 456 
Tennessee--_--------- 7,205, 418 
West Virginia ---.... 8, 847, 872 
Weneuery .=-<-.-5-. 10, 515, 981 
(OLDS [2.7 io 82, 553, 689 
Mii a eo 30, 079, 260 
LEOhi a 34, 483, 237 
MMOS. |-=-.--2.-----] 84, 581,952 
Wousconsim ._.._-.....- 65, 257, 675 
Permnesota...-.-.--..- 56, 766, 336 
30. .- __—e 105, 641, 855 
Loh: ———— re 19, 850, 490 
Ci Ci) a 23, 808, 759 
Wepraska -__ eit 34, 092, 631 
South Dakota _...--.- 17, 957, 445 
North Dakota-_--.-.--.- 11, 238, 788 
2: , 050, 770 
LSA elec 0) re 417,312 
oii 2, 600, 724 
New Mexico --.-....-- 221, 157 
BTIZONAT. =.=. =.----- 
(UL a 958, 132 
Nevada 
Vehiie l-: a 1, 302, 168 
Washington---...._... 8,017,772 
Ce) 3, 854, 319 
ealgrornia —.- 2222... 1, 827,171 
Oklahoma 

LD ee 707, 345, 404 312, 814, 923 

Consumed in 
county 

where grown. 

Shipped o 

P.ct.| Bushels. |P.ct.| Bushels. 
47 5, 517, 687 94 352, 193 
36 1, 148, 952 99 11, 668 
49 4, 669, 143 99 47,163 
20 BAG -BG4 1) 100) [ae 2 tee 
43 111, 820 99 1,180 
38 G41 O16: | POO) | en es 
54 | 45,423, 618 $1 4,492, 446 
50 8, 149, 826 7 470, G64 
47 | 381,395, 534 87 4,691, 287 
38 460, 880 84 87, 691 
30 1, 550, 546 76 489, 646 
37 7,388, 298 87 1, 103, 998 
25 | « 5,480, 621 94 346, 635 
10 | : 2,895, 702 98 59, 696 
20 4,983, 582 98 101, 706 
20 §27, 743 96 21, 989 
18 4,365, 773 98 89, 097 
14 1, 567, 288 98 31, 985 
5 345450) | LOO! a a sone 

16 | 10,895, 220 86 1, 773, 640 
23 5, 024, 701 99 50, 755 
31 6, 124, 605 85 1, 080, 813 
38 3, 655, 478 95 192, 394 
36 G, 464, 383 gO 1, 051, 598 
45 | 24,415, 267 75 8, 188, 422 
44] 21,055, 482 70 9, 023, 778 
36 | 23, 758, 934 69 | 10,674,303 
43 | 38,061,878 45 | 46,520, 074 
50 | 46,985, 526 72 | 18,272,149 
51 | 41, 439, 425 73 | 15,326,911 
47 | 64,441, 5382 61 | 41,200, 323 
36 | 17,468,431 88 2, 882, 059 
384} 19,999, 358 84. 3, 809, 401 
55 | 24,887,621 73 9, 265, 010 
56 | 14, 904, 679 83 3, 052, 766 
48) 10,227,297 91 1,011,491 
42 2, 288, 078 75 762, 692 
36 383, 927 92 33, 385 
38 1, $20, 507 70 780, 217 
46 110, 579 50 110, 578 

43 641, 948 67 816, 184 

4t 835, 388 64 468, 780 
25 1,569, 241 52 1, 448, 531 
24 2, 698, 023 70 1,156, 296 
20 1, 425, 193 78 401, 978 

44,2 | 516, 703, 544 73 | 190, 642, 860 

county 
where grown. 

utof |Weight 
per 

bushel. 

P.ct.|Pounds 
6} 32 
1 81 
1 30 

sue él 
i 23 

Lieu 2 
9 31 

13 30 
13 3L 
16 30 
24 29 
13 29 
6 30 
2 31 
2 30 
4 29 
2 30 
2 30 

eae 239 
14 23 
1 20 

15 Bt) 
5 30 

10 29 
25 29 
30 30 
31 28 
55 27 
28 3L 
27 3L 
39 26 
12 24 
16 24 
27 23 
17 30 
9 32 
2 35 
8 39 

30 35 
50 33 

St 
33 33 

37 
36 36 
48 33 
30 35 
22 3t 

28 

27 28.6 

The following table shows the number of acres devoted to certain principal crops 
for every 1,000 acres of improved land in 1879 and 1889, as determined by the Tenth 
and Eleventh Censuses: 

Changes in acreage of principal crops. 

Crop 1879. | 1889. | ddtesaca 

- 

Acres. | Acres Acres. 
Corn.-.-......--.}| 219.0 | 201.6 | Decrease.. 17.4 
iL 124.4 | 93.9 | Decrease.. 30.5 
Jp kt ae 56.7 | 79.2 Increase .. 22.5 | 
DALICVo-...-6--- 7.0 9.0 | Increase -. 2.0 
Ryoe-s:..-. 3 eee 6.5 6.1 | Decrease... .4 
Buckwheat-..-- 3.0 2.4 | Decrease... .6 

Increase or 

Hay 

| 

Crop. 1879. | 1889. 

Acres. | topes: 
107.6 | 148.1 
50.7 | 56.2 

Total area | 574.9 
in these 
products. 

| In 
In 

re 
596.5 

Increase or 
decrease. 

Acres. 
-- 40.5 

5.5 
crease - 

Crease ... 

Netincrease 21.6 

It is thus shown that for every 1,000 acres of improved land in 1885 there were 
48.9 fewer acres in corn, wheat, rye, and buckwheat, and 70.5 more in oats, hay, 
barley, and cotton than for the corresponding area in 1879. 
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STATISTICS OF THE PRINCIPAL CROPS. 567 

Acreage, production, and value of oats and barley in 1896. 

Oats. Barley. 

State or Territory. Sat =. 
Acres. Bushels. Value. Acres. Bushels. Value. 

Le 146, 747 5,869,880 | $1,819, 663 12, 355 378, 063 $162, 567 
New Hampshiz 30, 541 1,160, 558 406, 195 5, 335 156, 316 82, 847 
Vermont __..--. 115, 452 4,716, 306 1, 462, 055 18, 295 603, 735 247, 581 
Massachusetts - 15, 274 549, 864 192, 452 é 
Rhode Island-_ 3, 76d 112, 950 35, 014 
Connectient 22,104 641, 016 198, 715 
New York-.- 1,512,608 | 49,915,064 | 12,975,177 
New Jersey -- 106, 485 8, 620, 490 1, 013, 737 
Pennsylvania 1,164,091 | 36,086, 821 8, 660, 837 
Delaware ---..-.-- 18, 899 548, O71 115, 095 
Maryland -.-._._- 85, 008 2,040, 192 469, 244 
Warpinig —--.-2 202 459, 043 8, 4$2, 296 2, 207, G97 
North Carolina --- 481, 438 5, 777, 256 2, 022, 040 \- 
South Carolina. ---- 268, 618 2, 954, 798 1, 418, 805 
St ee 423, 774 5, 085, 288 2, 084, 958 
HL Tia Gee ee eee 45,81) 549, 732 291,358 |.- 
fey 318, 205 4, 454, 870 1, 826, 497 
LUGS SS a 123, 021 1, 599, 273 703, 680 
Uo Niubitt 84, 545 345, 450 TEVEASSH Sse 

il d4) ...= 35 633,443 | 12,668, 860 4,307, 412 
ia 317, 216 , O75, 456 1,573, 391 
EMINBESORE. 22 =. .52-.52-2- 436, 692 7,205, 418 1, 873, 409 
West Virginia ---.-------- 160, 328 3, S47, 872 1, 077, 404 
eermnerehcy-- 500,761 | 10,515,981 2,523, 885 
nS) ES Sie ee 1,050,119 | 382,553, 689 5, 534, 127 
ilretispere 2 Fe) Soca 1,002,642 | 30,079,260 5, 715, 059 
[PLGtth a ee Se eee 1, 187,353 | 34, 433, 237 5, 509, 318 
eee ee 3,020,784] 84,581,952 | 12,687,293 
Brrecesmsrne=* 3 3225.22 h 1,864,505 | 65,257,675 | 11,093, 80d 
ht 1,720,192 | 56,766,336 8,514, 950 
7 22 eee Se aes 8, $41,522 | 105, 641, 855 2, 677, 023 
ESIC T Toe = 1,102,805 | 19,850, 490 3, 874, 583 
Le? 2 BS Se es a ee 1, 831,443 | 28,808, 759 3, 809, 401 
Si a 1,794,349 | 34,092,631 3, 750, 185 5 fj 
Sop or a 652,998 | 17,957,445 2, 334, 468 116,096 | 3,308, 7 628, 660 
North Dakota------- Jess 510,854 | 11,238,788 2, 022, 982 235,520 | 3,791, 872 796, 293 
lit 7 Se es 64, 910 3, 050, 770 945, 739 5, 701 142, 525 78, 389 
Warming 2205s) s+... 13, 041 A17, 312 P21 0 i |e eee | soc oeceh ees |e 
"UE i a 92,883 2, 600, 724 780,217 12, 861 257, 220 118, 321 
fee, WwoxicO..--:. 2-0) 8,191 221,157 88, 463 1,241 23,579 15, 326 
Jd b.. ee ee ee 25, 214 958, 132 373, 671 6, 366 172, 519 72, 458 
i? a: ee 31, 004 1, 302, 168 390, 650 10, 606 162, 272 35, 700 
Mraditeton- =. .°-.-...-.- H 83, 827 8, 017, 772 1, 207,109 40,094 | 1,042,444 416, 973 
(igi 2 ae 183, 539 8, 854, 319 1,271, 925 30, 956 674, 841 303, 673 
Qt o_O | 58, 941 1, 827,171 803, 955 918, 384 | 19,837, 094 9, 521, 805 

SS Tia ee ee 27,565,985 | 707,346, 404 | 122, 485,083 | 2,950,539 | 39, 695, 223 22, 491, 241 

Production of oats for the years 1894 to 1896. 

ee = ie 
=a | Total pro- | Totalarea | Total value Average | Averag me Ave rage Year. auction Giicke oP erop value per| yield per| value 

‘ i iu bushel. acre. |per acre. 

Dollars. Cents. | Bushels. | Doliars. 
32.4 24.5 214, 816, 920 i 7.95 

163, 655, 068 19.9 29.6 5. 87 
132, 485, 033 18.7 25.7 4.81 

Our exports of oats (including oatmeal reduced at the rate of 18 pounds to the 
bushel) rarely exceed 1 per cent of the total crop, the highest ratio being 2.1 per 
cent, for the fiscal year 1895-96. 

The barley acreage in 1895 was the largest on record, and the average yield per 
cre was the highest in a quarter of a century. 
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Wheat crop of the world for the years 1892 to 1896, 

Country. 1892. | 1893. | 1894. | 1895. | 18236. 

Bushels. Bushels. Bushels. Bushels. Bushels. 
naten states 2... --..22.-..-2 515, 949,000 | 396,132,000 | 460, 267, 000 | 467,103,000 | 427, 684, 000 
MEEMPEUN ee ee aoe 49. 701, 000 42,650, 000 44, 58 83) 0C0 57, 460, 000 40, 809,000 
aoe il 14; 000,000 | 15,000,000 | 18, 600, 080 4’ 000,000 | 8,000,000 

Totai North America _...| 579,650,000 | 453, 782,000 | 522,850,000 | 538,563,000 | 476, 493, 000 

ov oh ar 36,000,000 | 57,000,000 | 80,000,060 | 60,000,000 | 48, 600, 000 
LONE Se 3, 292, 000 5, 703, G00 8, 915, 0CO 10, 000, 060 6, 000, 000 
lls .. 2S eee 16, 509, 000 19, 000, GOO 16, G00, 0CO 15, 000, 000 12, G00, 000 

Total South America ---_- 55, 792,000 | 81, 703, CGO | 104,915, C00 85, 000, C09 66, 000, 000 

_ 0) Se ~ 50,174,000 | 43,660,000 | 48,190,000 | 41,767,000 | 43, 991, c00 
UL ADE eee eet 142,558,000 | 158, El 900 areca teh 146, 0G0, 000 150, 660, 000 
Croatia-Slavonia ---.-.-.-.------ 7,071, 000 8,2 23, 000 8, 786, 000 6, 200, 000 8, 000, 009 
Bosnia-Herzegovina----..---.-- 2, 020, GOO 2) 600. 600 2)000, 0GC 2, 000, 000 2, 050, 000 
MWGREONEOTO.. 255-2 -2- =5----.--- 280, 000 250, 000 "250, 000 220, 060 220, 000 
0 0i 7) . 2a ee 10, 009, 600 8, 651, 600 7, 500, 000 9, 400, C00 9,300, 000 
[yD CIT a (3, $42, 000 60, 115, 000 43, 587, 000 68, 503, 000 69, 200, 000 
Turkey mm Murope...----.------ 000, 20, 000, 20, 000, GOO 21,500, 000 24, 000, 060 
Lop 2 Thea 5 2 sae 40, 441, 000 35, $87, 0CO 30, 660, OCO 37, 000, 000 45, 600, 000 
(Flo Li De ee ees 4, 500, 000 6, 500, 000 5, 500, G00 4, 600, 000 4, 800, 000 
LSS? Se ae 115, 685, 000 35, 227,000 | 121,595,060 | 106, 181, 000 | 182,600, 000 
SFT CTS) Shes SRE Se ey See 82, 288, 000 93, 484, 000 105, 600, 000 92) 000; cd) 83, 060, 000 
LALOD (peo 7a | 6, 600, GOO 5,500, 000 9, GOO, 000 7, 000, 000 5, 600, 600 
PRG LiG? 2 SS i 310, 836, 600 | 277,509,000 | 347,537,000 | 339,129,000 | 337,828,000 
Rimbuzeriamed 22 2 = sce 4 000, 000 3, 800, 000 4 500, 000. 5, 000, 000 4,800, 000 
Lod Ti? Se ee 116, 215,000 | 110,040, 000 110; 681, 000 | 103,159,000 | 106,140,000 
Le fon . oe rs 19, 500, 000 17, 300, 000 19, 800, 660 18, GOO, 060 17, 216, 000 
ETNIES Coes. = =k 2 5, 380, 0C0 4,971, 000 4.346, 000 5, 000, GOO 5, 400, 000 
Sueeainisrivaim = 2. -.--....-=-=- G0, 407, 000 50, 800, 000 61, 038, 000 38, 348, 000 58, 851. 000 
LIL, a ees 2, 214, 000 1, 665, 000 1, 532, 600 1. 109, 600 1,191, 000 
L120) [ED 7 gS 4,964, 000 4, 661, 000 4,162, 000 4) 591, 000 4, 340, 000 
oi 2 er Se eee 4 343, 000 3, 893, CCC 4, 467, 600 3, 798, 000 4, 671, 009 
ident a, 250, 000 275, GOO 275, COO 260, 000 390, 090 
Russia In Hurope--...---_--.-.-- 837,570,000 | 461,861,000 | 418,225,009 | 876,885,000 | 365,148,000 

Wobal Murope-- ---.-.----< 1, 410, 588, 060 |1, 514, 288, 000° 1,521, 029, 000 1, 437, 050, 000 |1, 484, 301, 600 

Mupeiaan(Asia-.= |)... 22. 72, 000,000 | 76,997,000 | 87,608,000 | 83,499,000 | 75,000, 000 
LETS ry) 0) bets) ee 206, 640, 000 268, 539, 000 252) 784,000 | 234,379,000 | 181,997,000 
Asinnie Lurkey:. 22-2022. _-_. 44, 000, 000 48, 000, 000 45, 000, 6CO 46, 000, VO0 44, 000, 
Gi nitil.)6 Se. See 18, 567, 000 20, 050, 000 22, 000, OCO 22° 000, 000 20, 000, 000 
Lap Cine 2 ae 15, 741, 000 16, 848, 900 20, 316, G00 16, 500, 009 15, 000, 000 
DAES 2 ee 2,000 000 2, 000, 2, 000, 000 2: 200, coo 2, 400, 000 

UG 7 S05 ch rr i re 358, 948,000 | 452,384,000 | 429,702,000 | 404,578,000 | 339,397,000 

i ae 8, 252, 000 10, 699, 000 12, 000, 000 14, 600, GOO 12, 000, 000 
fT sh 7) ee a 8,000, 660 4, 000, C60 10, 700, 000 7,500, 000 5, ie 000 
INiSo G22 Se 19, 979, 000 20, 274, 000 28, 900, CGO 24, 800, 000 17,600 , 000 
@apermotony = 522222. - she , 580, 4, 014, COO 3, 195, 000 2, 542, 000 poe 200, 000 

MLAS PCa Se 2. ee 39, 731, 600 288, 0CO 54, 795, C00 48, 842, 000 38, 490, 000 

New South Wales............-. 4,089,000 | 7,032,000 | 6,708,600 | 7,263,000 | 5,859,000 
Wieroriges =). 252.2. 14, 110, 600 15, 282, 006 15, 736, 000 11, 807, 000 5, 848, 000 
South Australia _._ 2222-222 6, 639, 000 9,531,000 | 14, 047/000 8 027, 000 6, 116, 000 
Western Australia --.........-. 805, 000 443, 000 537, 000 176, 000 194; 000 
PASM TIS Oe oe bee 967, OVO 1, 051, 000 860, 000 899, 000 1, 202, 090 
1 (i ALOU eC | eee See ae ee 10, 581, 000 , 642, 000 5, 046, 000 8, 727, 000 7,059, 000 
@neensiand - 222 - 2-522... 6 5.5 405, 477, 000 426, 000 562, 000 128, 000 

Total Australasia .....__- 37, 096, 000 458, 000 43, 360, GOO 82, 461, 000 25, 906, 000 

Recapitulation by continents: 5 q 
North America. -_........-.- 579,650,000 | 453,782,000 | 522,850,000 | 538,563,000 | 476,493,000 
South America .....-....... 55, 792,000 81,708, 000 104, 915, 000 85, 000, 600 66, 000, 000 
_ i erate 1, 410, 588, 000 |1, 514, 298, 000 /1, 521; 029; 000 |1, 437; 050, 000 |1, 484) 301; 000 
. | _ aeaSaS eae 358, 948) 000 2, 884,000 | ’ 429) 702,060 | 4042578; 000 | ” 339/397; 000 
Poi, a aE 39, 731, 000 , 288,000 | 54,795,000 | 48°8427000 | 88; 400; 000 
Pan re (i a 37/096, 000 42, 458, 000 43, 360, 000 32, 461, G00 25, 906, 000 

Grand total. ...-<----.-- 2, 481,805, 000 |2, 562,913, 000 |2, 676, 651, 000 2, 546, 494, 000 |2, 430, 497, 000 000 
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Acreage, production, and value of potatoes and hay in 1896, ’ ? J 

Potatces. | Hay. 

State or Territory. 
Acres Bushels. | Value. - | Acres. Tons. Value. 

WT TD) ee re 49,140 8,168, 100 | $3, 081, 078 939, 192 939, 182 $9, 626, 718 
New Hampshire --_------- 20, 588 2,223,504 | 1,045, 047 590, 527 566, 906 7,318, 
Semon ao 27, 337 8,499,136 | 1,014,749 843,831 | 1,054, 789 10, 843, 231 
Massachusetts -.....--... 26, 854 2,900,232 | 1,653,182 573, 731 734, 371 12, 043, 766 
ihode Island. _--..._._--- 6,518 684, 23 869, 571 72, 350 79, 585 1, 321, 111 
Coanecticut..-....--.--.- 24,347 2,580, 782 | 1,187,160 456, 973 488, 961 7,192, 616 
DEC 0) rr 885, 999 34, 353,911 | 10,649,712 | 4,239, 78 3, 434, 228 41,348, 
Wew Jersey .------------- 46, 005 4,324,470 | 1,556,809 396, 354 455, 807 6, 540, 850 
Ponnsylvania -..:.....--- 194, 322 21,181,098 | 5,718,896 | 2,559,250 | 2,712,805 32, 960, 581 
Cn , 086 396, 7 138,8 50, 942 56, 036 723, 468 
fmormyiane =. ----.-.2.- 23, 936 | 2, 154, 2 646, 272 814, 134 278, 297 8, 238, 569 
Vitni ee 88, 618 3,591, 474 | 1,221,101 589, 520 636, 682 6, 500, 528 
North Carolina --........- | 18,309 | 1, 446, 41 621, 957 140, 177, 616 1, 909, 372 
South Carolina. _--.------ 4,460 231, 920 153, 067 143, 536 150, 903 2,161, 022 
a, ear 5, bed. 303, 820 227, 865 137, 489 189, 735 2, 096, 572 
Cit Bs See re 1,308 98, 109 82, 404 6,719 9, 407 122, 291 
aol 1) D007 ees ae 6, 859 438, 976 829, 232 65, 989 92, 385 905, 373 
PINRIRSEERI) = 9-852 = 558k 5, 886 412, 020 255, 452 61, 656 §3, 236 787, 413 
Momupieatig 2 ..=5-..-._....- 9,301 511, 555 388, 782 24, 721 46, 97 410, 988 
(heer! .. See 12, 904 671, 008 523, 386 524, 622 B24, 622 2, 337, 278 
LAD i i 24, 886 1, 468, 274 778, 185 159, 010 187, 682 1, 414, 745 
MOTO SHEG - —--o2—--- = 5-+- 34, 359 2, 130, 258 852, 103 352, 719 493, 807 4,775,114 
West Virginia-_.....--...- 88, 294 8,561,342 | 1,104,016 484,751 591, 396 5, 789, 767 
Lin ase 46, 383 3, 940, 005 | 1,300, 2 385, 399 462, 478 4,375, 051 
(( --: a ae 195, 565 17,405,285 | 4,525,374 | 1,749,451 | 2,204, 17, 480, 163 
LINE Te ee 208, 381 18, 337,528 | 3,484,180 | 1,330,061 | 1,542,871 13, 083, 546 
LR 7 ae 104, 184 855, 2,213,910 | 1,645,101 | 2,188, 631 15, 355, 371 
iadaoisse—. - foo ~~ ek - 173, 2 16, 809,788 | 4,368,205 | 2,058,647 | 2,840,933 18, 153, 562 
Sn a 161, 748 12,616,344 | 2,397,105 | 1,432,404 | 1,790,505 11, 817, 333 | 
Wimmieseta..<_-_--.-.-2L- 119, 955 10, 076,220 | 2,116,006 | 1,664,826 | 2,813, 556 10, 662, 877 
Lit. 2 See 213, 410 20,060,540 | 4,418,319 | 4,612,583 | 8,025, 894 32, 023, 317 
MIDORI =o 2S eke 100, 739 7,857,642 | 2,485, 2,305, 434 | 3,298, 201 15, 996, 275 
Cpuicc: De ee 108, 202 7,465,938 | 2,015,803 | 3,473,167 | 4,931, 897 13, 316, 122 
MpEPrAbke) -— = 5s 22. --= 126, 478 11,383,020 | 2,845, 755 , 957,835 | 3,250, 006 7,930, 015 
South Dakota -----.-.---- 63, 004 , 048, 384 | 1,209,677) 2,095,344 | 2,683, 220 8, 371, 958 
Worth Dakota-...-------- 32, 453 8, 310, 206 695, 143 441, 094 727, 805 2, 467, 259 
Wariantec: 42... - =. 4, 952 841, 840 269, 389 345, 584 476, 906 3, 271, 575 
) Ti i 2, 758 460, 586 198, 052 236, 003 305, 805 2, 611, 848 
Corerenor =. 552-5: 2. 32, 345 2, 846, 360 | 1,337,789 761, 784 | 1,675,925 10, 424, 254 
Mery wemieo 22222. ..---..- 742 53, 424 36, 328 36, 515 109, 545 624, 406 
eee arereE Reet ne oe Pa hens Deel Lb Sacsis2o5 sacs] orcecacoencs 32, 344 103, 501 905, 634 
(Uh. ae a ore 5, 572 863, 660 276, 371 181, 37 489, 702 2, 448, 510 
DOUG ee 1,349 256, 510 97, 398 144, 278 267, 909 1, 773, 321 
Dio OL. ee er 3, 888 629, 856 188, 957 193, 189 502, 161 2, 365, 178 
My aspemreron:. 2-2 — 2 -- 14, 250 1, 781, 250 712, 292, 025 569, 449 4, 037, 393 
Unni ar 14, 935 1, 299, 345 506, 745 622,392 | 1,232,336 8, 133, 418 
US 22, 158 1, 772, 640 939,499 | 1,732,206 | 2,858,140 18, 149, 189 

Mastenlt= 32285) 2s 2,767,465 | 252, 234,540 | 72,182,350 | 43, 259, 756 | 59, 282, 158 | 388, 145, 614 

Acreage, production, and value of potatoes and hay in the United States for the 
years 1893-1896} 

| Potatoes. Hay. 

Year. | : = 
| Acres. Bushels. | Value. Acres. Tons. Value. 

i 5 ee See 2,605,186 | 183,034,203 | $108,661,801 | 49,613,469 | 65,766,158 | $570, 882,872 
Te pale So. (ll a 2, 737,973 | 170,787,338 $1,526,787 | 48,321,272 | 54,874,408 468, 578, 321 
i a) ee 2,954,952 | 297, 237,370 78,984,901 | 44,206,453 | 47,078,541 393, 185, 615 
jE Se 2, 767,465 | 252, 234, 540 72,182,350 | 438,259,756 | 59,282,158 888, 145, 614 

1 No estimates concerning these products were made by the Department of Agriculture for the 
years 1889-1892. 
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STATISTICS OF THE PRINCIPAL CROPS. 

Acreage, preduction, etc., of the cotton crop of 1895. 

Balog Net noe + ae ages 
men ou on han 

State or Territory Acres Bales Ped aati ae Drala. y Gandara 

water , 1895. 

JOLIE Ti ee ee ee 2, 371, 726 663, 916 0.28 669, 633 58, 998 4,715 
tla: a eee : 186, 655 520, 860 44 522, 827 1,975 3, 942 
Teles iS aa ee FS 191, 540 38, 722 ~20 SB Glas |< eee ee 192 
2 ea 3, 069,323 | 1,067.37 35 875,621 200, 636 8, 880 
Indian Territory --.------ 212, 847 68, 658 32 68; 688) [G22 22a eee eee 
L Te 2 eee 40 15 .38 15: |=. ee eee 
Lob 1, 142, 568 513, 843 -45 503, 341 13, 344 2, 842 
NORTE 2,487,119 | 1,013,358 41 999, 907 16, 654 38, 203 
Lint oe ae 47, 772 11,816 eh 10, 187 T? 629i |- shee ents 
North Carolina -----..---- 1, 050, 183 3897, 752 - 38 179, 781 219, 822 1,851 
oo noe ase 26, 093 14, 103 54 14,108) ft 2 2 ee eee 
South Carolina---...------ 1, 814, 728 764, 700 42 508, 668 257, 700 1, 663 
oratiessee-—5222----L-2-2- 712, 763 172, 560 24 144, 462 28, 732 634 
pts 2 eae 5, $26,428 | 1,905, 337 33 1, 897,515 12, 385 4,563 
jue lh. | eee a oe 400 103 26 1033225. 2... a ee ee 
WT ee 44, 623 7, 964 18 7, 964. Ll, (10) hse eas 

SSD ee ee eee 20,184,808 | 7,151, 094 35 6, 381, 709 811, 875 32, 490 

1 All cotton used by Virginia mills was obtained from other States, and is therefore not included 
in the total. 

Acreage, production, and value of tobacco tn 1896. 

State or Territory. 

PRE ERMETINES iSite ih sacra ao ALES oho cin Sono Se aoe ade ced eeee 
Connecticut 
New York 
Loe lop GRIN ge a eS en ee oe 
Maryland 
Virginia 
Seer testers See) Le. PES eee 

Tennessee 
OSs) VUTEC T 5 EA ee oe eee eee: See eee 
Wo) 88 ccc coe doce See eee oo aces See eee oe ae | 

Wisconsin 
Missouri 
bo LTE LS ee eee ae a eee ee 

Average farm price of various agricultural products on December 1 
from 1887 to 1896. 

1894." | 

Tobacco. 

Acres | Pounds. Value. 

1,975 3, 199, 500 $383, 940 
6,579 10, 197, 450 1, 325, 668 
3, 259 3. 389, 360 271, 149 

13, 884 16, 244, 280 1, 299, 542 
15, 995 9, 277, 100 398, 915 
92, 002 57,961, 260 3, 013, 986 

134, 567 68, 629, 170 , 490, 334 
2,147 1, 009, 690 161, 454 
2,950 1, 327, 500 146, 025 

53. 351 35, 211, 660 2, 464, 816 
5,119 3, 685, 680 313, 283 

196; 745 143, 623, 850 6, 032, 202 
32, 012 23; 688, 880 1, 086, 009 
11, 957 8,130, 760 265, 884 
3, 902 2,497, 280 237, 242 
3,975 5, 088, 000 279, 840 

10, 580 7,406, 000 666, 540 
3, 750 2, 437, 500 841, 250 

594, 749 403, 004,320 | 24, 258, 070 

in each year 

Crop. 18936. | 1835. 1893. | 1892. 2. 1891. | 1890. 1889. | 1888. | 1887. 

Gorn .69lau.5o. per bushel. . $0. 215 |$0.253 |$0.457 |$0.365 |$0.393 |$0. 406 |$0.506 |$0. po $0. 341 | $0. 444 
VM do: ..-|'~.728 . 509 -491 . 538 . 624 . 839 838 - 926 . 681 
TeV Giese. 5.22 -Jsaco. wo Gicss. 409 440} .501 | .513 548 774 | 1629 or ‘591 1544 
Pe in OO enn) elke] . ADE woek| 208.) .8Lt | 815 424 230 | .278 . B04 
Ce s-.a~---00s---| .oed | por | .442)| 411 | 14721 . 540 648 27 | .696 522 
Picky heat ce cwwes's do...-| .802 | .452) .556] .5838] .5384/] .579 577 | .518 | .636 . 561 
Trish potatoes ---.--.- do....| .286 | .266| .536| .590| .6738| .371 T77 403) .404 . 685 
Lin Se ae per ton..| 6.55 | 8.35 | 8.54 | 8.68 | 8.49 | 8.39 | 7.7 1: 88twandees 9.34 
Cotton .........per pound.-.| .066 | .076| .046] .070 084 | .073 086 083 | .085 - 085 
Leaf tobacco ......-.. do....| .06 .069'|. .068 |: O82 |ozi.2--] :084 077 | OE Ake Be 
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Estimated number of horses and mules on farms and ranches, average price per 
head, and total value of each kind, January, 1897. 

Horses. Mules. 

State or Territory. = 
Number. Sei S Value. Number. Sie Value. 

— 1 — i... Le 

BRING oes 5 ee 115, 426 $46.58 BY A /L  e eS) ee | ae CE 
New Hampshire ---...--.----- 55, 033 47.74 2,627,428 2. -2.---.---|=----- - eee 
Mermnons Pos. 2.2 © es oe 88,319 45.03 3, 977, 151 {2 _ --:-----|.--. 2 eee 
Massachusetts — =<... ---:-.-45 63, 800 64. 67 4125/0486 |-.-=-.+.=--.|2-=-52 6 Se 
koe Isiand. $59.5'.... 2-8 10,129 75.25 762,210 }22_2.. .2...|-.2.-- 3 a 
Gisnccwert = o> 5... ..-. 3 43, 085 61.31 2,638,558 |. 3.. 2. secloc su eee 
Mow Nork. =) 83:2... 2.5 621, 343 49. 67 30, 862, 898 4, 534 $55. 07 $249, 701 
Meu darsey S52 Se. 22 5.2e 80, 788 58.98 4, 764, 706 7,492 76.73 574, 876 
Pennsylvania: = -....____=_ 4-2 583, 215 44.27 25, 819, 1 35, 144 58. 81 2, 125, 529 
mpicrare 6 Soe. +c 5 30, 274 42.76 1, 294, 516 5, 269 59.75 314, 838 
Wr yiand oe Se ee 133, 645 38.25 5,111, 12,817 58.14 %45, 227 
Wmeranine 2} § See 25... SES 243, 586 36. 42 8,870, 380 87, 483 48.58 1,820. 890 
Mark wearolineal. 2.5.52 3 145, 536 44.76 6,514, 890 110, 860 49.98 5, 541, 305 
South Carolina_<.......-....22 66, 49 48. 23 3, 204, 87 98, 834 61. 68 6, 096, 201 
ESI ooo ese sooth 2 110, 277 48. 34 5,331, 018 164, 380 62.93 | 10,345, 698 
Le ee ee eee , 865 42.70 1,531, 331 8, 273 59. 48 492, 084 
Seite 41 fe ee ee 129, 619 38. 82 5, 082, 297 129, 739 49.01 §, 358, 007 
Mbesissipr o52 0) tae | 195, 571 35. 19 6, 882, 938 160, 632 43.81 7,811, 371 
Mariratennee 28 Se St ee | 441, 464 27. 26 3, 855, 824 88, 232 52. 83 4,661,317 
elas Cee re st oe es) Se 17.73 20,571, 962 261, 428 29. 83 7, 799, 259 
Werte oe 8 240, 330 25.45 6, 356, 207 145,519 34. 26 4,985, 923 
RiiaTeEIG ss eo ea 337, dol 35. 41 12, 290, 7 169, 389 39.17 6, 635, 682 
Mrast Varcinin = _ 2.2 -252.-"*.2 156, 511 33. 28 5, 209, 206 7,601 38.27 290, 898 
Miemiieity 2.2 400, 87! 32. 57 13, 056, 621 116, 854 33.97 3, 969, 482 

LES OES a nee ey 701, 933 35. 67 25, 737, 791 18, 501 38.59 713, 872 
Mirchigoass 3. Se loti a ed 27, 333 43.14 18, 437, 058 2, 784 87.59 104, 659 
LURES) a a OE 6, 834 31.81 20, 547, 082 46, 387 36. 08 1, 674, 144 
Cit ae ns a aey 1, 072, 956 30.91 33, 166, 042 90, 631 35. 69 3, 234, 290 
Weber ee 420,710 40.95 17, 229, 021 4,826 37.72 182, 024 
Wino -. 5 469, 101 85. 95 16, 864, 237 8, 631 41.59 358, 957 
CD ee ee | eA ey Se 28. 94 31, 469, 631 33, 7 35. 46 1,195, 015 
Tal icy REESE. Fae ae et 854, 126 24.79 21,175, $38 215, 466 29.91 6, 445, 651 
Oa ae oat oe Ses 797, 7 23. 54 18, 780, 168 82, 269 31. 04 2, 553, 469 
Wormaaies ©) 280 $22)... See 575, 714 24. 68 14, 207, 348 41, 961 32. 33 1, 356, 689 
Seuth Dakota. 9=>-..-22L65 290, 775 26. 50 7, 706, 063 , 660 30. 94 206, 090 
North Dakota... -:_-. .-5.c22 166, 702 35. 43 6, 072, 302 7,151 48. 03 348, 461 
Montana 175, 301 2A. 38 4, 272, 97 924 31.46 29, 067 
Wyomin 77, 614 13.12 1, O18, 683 1,474 35.97 53,019 
Colorado 159, 706 20.06 3, 204, 212 8, 888 42.81 380, 454 
New Mexico 84, 701 14. 65 1, 240, 873 3, 560 19.19 68, 368 
Arizona 52,498 21.59 1, 133, 429 1,025 25.16 25, 815 
ee vo Eh 16. 97 1, 207, 941 1, 648 24. 43 4), 264 
Nevada. 53, 561 18. 06 967, 1, 444 32.39 46, 769 
Idaho __- 132, 011 17.12 2, 259, 370 941 15.59 14, 673 
Washington 176, 691 20.47 3, 616, 227 1, 4220 39. 21 55, 677 
Oregon 203, 777 18.18 3, TO4, 688 5,811 21. 92 127, 404 
California , o64 27.40 12, 037, 918 57,473 36. 89 2, 120, 329 
Oklahoma -. q 13. 41 524, 222 ven ves 21.69 155, 762 

A CeeHD | sont Ses eet fb 14, 364, 667 31.51 452,649,396 | 2,215, 654 | 41.66 | 92,202,090 

An eo | Sieh ae eee ones em 15, 124, 057 33.07 | 500,140,186 | 2,278, 946 | 45.29 | 103, 204, 457 
BIOCPCOSS So. ee aeee 759, 390 1.56 47, 490, 790 63, 252 3.63 | 10,902,367 
Decrease (per cent) ---------- 5 4.7 9.5 2.8 | 8 10.6 
ee 

Number and value of horses, mules, and milch cows in the Untied States for the 
years 1891 to 1897. 

| Horses. Mules. Milch cows. 

January 1— 
| Number. Value. Nuraber. Value. Number. Value. 

| 
APR = 5 eee OS pe 14, 055, 750 $941, 823,222 | 2,296,532 | $178, 847,370 | 16,019,591 | $346,397, 900 
11 is “aE ree SS Sie 15,498,140 | 1,007,593,636 | 2,314,699 | 174,882,070 | 16,416,351 351, 378, 182 
Li: ee te 16, 286, 02 992,225,185 | 2,331,128 | 164,763,751 | 16, 424, 087 357, 299, 785 
i. ee ee | 16,081. 139 769, 224, 7 2,352,231 | 146,232,811 | 16,487, 400 358, 998, 661 
eres = oP es Sas sees | 15, $93,318 576, 730,580 | 2,333,108 | 110,927,834 | 16,504, 629 362, 601, 729 
cl yt Dae ee, So Sal | 15, 124, 057 500,140,185 | 2,278,946 168, 204, 457 16, 137, 586 353, 955, 545 
ea 3 es ee 14, S64, 667 452,649,396 | 2,215, 654 $2, 302, 089 15, 941, 727 359, 239, 993 

! 
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Estimated number of milch cows and of oxen and other cattle on farms and ranches, 
average price per head, and total value of each kind, January, 1897. 

Milch cows. | Oxen and other cattle. 

tate or Territory. | Aver- Aver- 

Number. age Value. Number. age Value. 
price. | | price. 

° "1 poe ee aD SEER Rem hea 192, 077 | $25. 06 $4, 813, 450 08, 378 $20.13 $2, 181, 493 
New Hampshire -----.------ 128, 971 27.12 3,497, 694 U7, 098 19.89 1,533, 410 
TOE i eS ks ee 263, 649 24. 57 6, 477, 685 137, 897 19.19 2, 646, 257 
Maseachusetts —..-.--.----. 172, S26 30. 7 5,519, 584 | 7d, 647 24. 33 1, 840, 485 
Mop island. __.......--.-.2 24, 76 30. 00 742, 890 10, 784 24.29 261, 892 
Rapamerciicut.--.-.-.. _-.._- 126, 2 21. Te 3, 776, $92 66, 614 25.81 1, 686, 322 
Mwmererk- = 1, 416, 327 24. 20 34, 275, 113 561, 582 20. 84 11, 760, 564 
Miewaidersey —..__ -_...-_ 2. 206, 357 32.27 §, 659, 140 45,113 23. 02 1, 038, 486 
os a 938, 288 25. 93 24, 329, £08 568, 022 21. 62 12, 278, 880 
eR 34, 857 27.50 958, 568 25, 482 21.13 5388, 434 
LS in re 150, 477 22. 81 8, 432, 320 118, 724 22.36 2,543, 205 
"Tne eee Sees 260, 322 17.89 4,657, 161 371, 208 15. 42 5, 728, 360 

mremiiarolinag,. 222-23 266, 605 13.75 3, 665, 819 345, 406 9.55 3, 300, 322 
South @nrolina..-_........- 129, 388 15. 83 2, 048, 212 156, 866 8. 85 1, 387, 622 
iM gee er 306, 457 17.01 5, 212, 834 513, S70 8.46 4,347, 650 
= 0 > Sy eee 116, 619 16. 48 1, 921; 881 353, 833 | 6.81 2, 408, 150 
RE ee 305, 855 11.12 3, 395, 548 491, $29 6.88 3, 384, 129 
iS err 290, 931 12. 85 3, 738, 463 446, 839 8.03 3, 589, 456 
L CRSED ES SU Se eR | 153,538 15.25 2,341, 454 268, 425 8.65 2,321, 531 
Lin. =e = ee eee 752, 579 16.43 12, 364, 873 | 5,242,712 11.14 58, 417, 443 
DS ee eee 12.43 3, 309, 413 418, 523 8.07 3, 877, 357 
Memarrsee. 2 Set 307, 542 15.93 4, 899, 144 456, 829 10.74 4, 907, 805 
Besuvarcinin —- 5... -2L_2-2 171, 528 21.17 3, 631, 248 266, $52 16.78 4,481, 825 
Lt DOES a sa a ak 283, 461 19.78 5, 646, 419 461, 867 a i/Guil 8, 168, 661 

Tl. on ee a Be it 752, COL 25.13 18, 935, 385 631, 382 22.39 14, 135, 761 
Lo aes. 459, 153 26. 57 12, 199, 695 370, 750 19.09 7, 076, 135 
i ee Beat 618, 282 23.72 14, 665, 649 726, 557 21.08 15, 317, 115 
1. ie See ee 1, 008, 259 28. 50 28, 735,382 | 1,330, 808 23.49 31, 264,595 
_ ilu: on or ee 786, 844 23.98 18, 868, 519 332, 855 16.71 10, 574, 004 
Mpienenr Gs 2 ves bs 61S, 580 23.51 14, 541, 640 652, 662 15.98 10, 430, 32. 
2 nh. eS aed 1,190, 534 28. 14 33, 501, 627 196, 755 24. 99 54, S01, 306 
Lis So, aa 701, 610 22. Ot 16, 073, 885 | 1,568, 901 20. 74 82, 545, 606 
Js iL Biss Sg ee 629, 121 24, 50 15, 413, 464 } 1,801,570 21.72 39, 133, 249 

2 +) UL ee eet 534, 197 24. 63 15, 157,272 | 1,019, 970 19.53 19, 918, 494 
Pet akobac._. ..2..-.2 313, 875 22.93 7, 185, 689 427, 801 20.03 8, 588, 564 
Marken. Dakota... ....-..--- 161, 268 21.79 3, 514, 030 255, 502 17. 82 4,553, S11 
2 TE ee ee ee 25. 83 1,108, 830 | 1,176, 628 17.60 20, 708, 660 
7 Sin SS Ee 18,515 25.25 467, 504 781, 923 17.07 13, 347, 4381 
ul) Thy ee 82, 374 26.11 2, 150, 785 926, 560 19. 47 18, 044, 569 
Meee SICOL coe. 224 Lol 18, 751 22. 60 23, 773 753, 831 11. 76 8, 864, 297 
. > eee 16, 872 22.55 380, 464 547, 400 12. 02 6,577,011 
lo 8) 35 ee 56, 698 17.95 1,017, 729 358, 293 13.77 4, 933, 162 
hia EES ee ee 18, 196 26. 80 487, 653 253, 896 16.382 4, 143, 128 
LO +g 28,595 | 23.10 669, 544 3887, 935 15. 07 5, 846, 17: 
eeenatctorn!- <5... 22... 120, 902 23.46 2, 836, 361 351, 626 15.10 5, 301, 224 
ements fe 8 116, GOT 21.80 2, 528, 953 741, 145 13.55 10, 043, 483 
i Se a ee 339, 002 20.57 &, 668, 281 $53, 27: 16. $3 14, 448, 828 
emamererticy: een fo 32, 855 18. 58 601, 156 175, 879 18.13 3, 187, 809 

aso 3 Ae eee 15, 941, 727 23.16 | 369, 289, 893 | 59, 508, 468 16. 65 507, 929, 421 

Peeee tem! | IGBTs 86 22.55 | 363,955,545 | 32,085, 409 15. 86 508, 928, 416 
Lio: 3 195, 859 161 15,284,448 | 1,577,001 1,76 998, 995 
Decrease (per cent)--...-..- 12 12.7 | 11.5 | 4.9 15 | 2 

1 Increase. 

Progress of dairying in the United States. 

[From the reports of the Census. ] 

| Cream- | Milk, 
|eries and | average 

Milch cows. | = Butter. total Cheese, total 

Year of census. Total | Per 1,000 —— made. orn |cheese fac- yield per 
number. | persons. | > tories. | cow. 

Pounds. Pounds. | Number. | Gallons. 
2? Ee | 16, 511, 950 264 | 1,205, 508,884 | 256, 761, 883 4,712 815. 4 
0 NSE Se eae 12, 443, 120 248 806,672,071 | 243,157, 850 8, 932 282.5 
ee ooo soe... .} 18, 985;882 232 514, 092,683 | 162,927, 882 11,313 | 205.9 
Lo pa 8, 585, 735 27 459, 681,872 | 103, 663, S27 25 174.7 
_ | a 6, 385, 094 275 813,315,306 | 105,535, 893 18 | 166.5 

1Cheese factories only. 
2 The establishments reported for 1859, 1860, and 1870 were all cheese factories. The figures for 

1850 are approximately correct, but those for 186) are known to be much too small. 
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Estimated number of sheep and swine on farms and ranches, average price per 
head, and total value of each kind, January, 1897. 

| Sheep Swine. 

State or Territory. : | | | 
! Number | price | Value. Number pele: Value. 

| 
ior ee ee | 230,364 $2.06 $471, 671 76, 835 $5. 94 $456, 092 
New Hampshire ---------.-- 77,529 2.33 180, 332 55, 272 8.97 495,790 
Wermoni =. 5 oo 157, 948 2.02 318, 423 76, 235 7.29 555, 791 
Massachusetts --.......------ 42,104 3.28 142, 206 58, 297 8.44 492, 025 
fear sian: os ae 10, 715 2.81 30, 186 14, 288 7.00 100, 024 
Sermccigedh oo eens 32, 104 3.09 $9, 041 53, 737 9.29 498, 999 
(Rp RE ote ee 809, 261 2.68 2,166, 797 632, 524 6.61 4,181, 932 
NEWAGESEY =~ oo. ee eee 41, 482 3.27 135, 597 153, 437 8.02 1, 230, 872 
‘Pernncyigine oe 798, 751 2.77 2,209, 984 | 1,022,773 6. 67 6, 822, 816 
(PDT 7 iad UL eee Ree eas: 12, 35 3.14 38, 77 49, 559 5.80 287, 443 
Wistreeee e  e 24, 689 2. 66 331, 361 331, 886 6.74 2, 237, 741 
UA iso i) see neem Baee 382, 738 2.14 840, 774 995, 605 3.38 3, 361, 164 
Pith ot ———— ee 319,170 1.39 443,966 | 1,455, 892 3.11 4, 524, 475 
Sarin Garona ~ 52 72, 976 1.55 114,134 | 1,098, 3.49 3B, 830, 172 
orras, os on ace 344, 680 1.46 503,616 | 2,012, 868 3:17 6, 373, 544 
CULPTC Ge) Pepelltah aes ennai Sets. 97, 7 1.58 154, 610 415, 017 2.02 837. 504 
(So ee a eek 252, 1 1.25 316, 07. 1, 885, 876 2.58 4, 763, 724 
LST i 306, 156 1.37 420,352 | 1,998, 97: 2.40 4,790, 752 
Pepa = = oe 2 136, 3i1 1.22 166, 885 790, 961 2.83 2, 235, 255 
UE Ps 2) ee aa eet 2, 789, 383 1.20 8,900, 607 | 2, 944, 065 2.48 7,301, 281 
Loo ST a Be ee 170, 075 1.28 218,512 | 1,375, 586 2.32 3,196, S61 
Sitti ee ae eae 382, 335 1.44 549,836 | 1,796, 104 3.33 5, 978, 152 
Mes waireinin 25... 458, 157 2.18 1,000,065 | — 871,292 4.25 1,577,100 
CSD Nie ae eS eR Be Sot 738, 195 1.90 1,405,229 | 1,604, 164 3. 34 5, 359, 192 
Cit 3 ee ed REE Shee 2, 368, 967 2.48 5,877,171 | 2,284, 662 4.93 11, 273, 436 
Pe riipar ee ee 1,341, 971 2. 64 3,536, 899 713, 487 5. 92 4,220, 277 
fantasia oO Se es 654, 758 2.71 1,771,579 | 1,340,365 5.05 6, 762, 409 
CECT. idee SERS Seat oeanee Es 604, 189 2. 86 1,725, 564 | 2,249,401 5.18 11, 651, 896 
MeanGonnimn Se 708, 722 2.37 1, 679, 104 902, 507 5.38 4,859, 097 
1 Sets 27) 7 a ae aes, 404, 904 2.19 887, 711 521, 690 | 4,91 2,560, 977 
DTIC wap ei Soe ee eee Sse 553, 834 3. 02 1,672,578 | 3,737,970 5. 67 21, 182, 330 
LET cj a el See ee eae. 697, 264 1.9) 1,326,197 | 3,074,329 3.99 12, 269, 648 
paamiencs aoe 8! Pe CS 2 TN 222, 215 1.80 898,965 | 1,659, 722 4.61 7, 648, 165 
RISE IEC, ot ee Se 2 neg 188, 768 2.47 466,182 | 1,263,931 4.597 6, 026, 422 
SL WK DG 336, 259 2.17 731, 161 158, 463 4.39 696, 128 
grits Pakoua.. 2 Soo. 596, 230 1.95 695, 219 120, 308 4.50 541,385 
CT ost eae gol a es | 3,122, 732 1.61 5, 033, 220 51, 045 7.87 401, 486 
Ror ee ee ee 1, 672, 482 1.80 3, 005, 862 17, 734 4, 52 80, 122 
COT SGT ve eae Gite alee ee | 1,411,582 1.76 2, 486, 290 22, 716 4.54 103, 131 
Maw Mexican). ort deo | 2,683, 269 1.06 2, 847, 753 31, 151 4.85 151, 143 
Tenia: eae pete Le eS | 828, 666 1.57 1,301, 172 26, 076 4.84 126, 208 
it eee aa Sea Beat | 1,998, 441 1.52 8, 036, 830 53,7 5.45 293, 382 
Lt) TRE Derg Soe, | 544077 1.69 917, 3i4 11, 126 5.09 56, 653 
TV SUE ey SS Be clea ee Dace oh | 1,376,119 ee! 2.346, 283 | 75, 192 3. 69 277, 721 
Wiashspton.2 2). 2S | _ 741,219 1.86 1,375,851 | 210, 683 3.32 700,310 
CDE cS Be RRs RS eters | 2,604, 640 1.3 3,459,222 | 240, 051 2.37 567, 864 
Wentatisrma fe eS 2,577, 050 1.86 4, 800, 787 487,163 4.13 2,013, 738 
Peibiginid fen, Sons SS 23, 215 1.42 33, 011 78, 514 4.08 320,141 

"ee aa wets ES | 36,818,643 | 1.82 | 67,020,842 | 40,600,276 | 4.10 | 166, 272,770 
LECTINS. (eae eee eters Se | 38, 298, 783 1.70 65,167, 735 | 42,842, 75 4.35 186, 529, 745 
Becrcaics. See ee | 1,480,140 1.12 11,853,207 | 2,242,483 By) 20, 256, 975 
Decrease (per cent) --------- 3.9 17.1 12.8 5.2 5.7 10.9 

. 

1 Increase. 

Number and value of oxen and other catile, and also of sheep and swine, with the 
total value of all farm animals in the United States, 1891 to 1897. 

| Gxen and other caitle. | Sheep. Swine. Total value 
January 1— ; of farm ani- 

Number. Value. | Number. | Value. Number. Value. mals. 

) | 
i) ee | 86,875, 648 $544, 127,908 | 43,421,136 $108, 397,447 | 50,625,106 $210, 193,923 |$2, 329, 787, 770 
it: 7 ee | 87,651, 239 | 570,749,155 | 44,938,365 | 116,121,290 | 52,398,019 | 241, 031, 415 2,461, 755, 698 
ae 35,954,196 | 547,882,204 | 47,273,553 | 125,909,264 | 46,094,807 | 295, 426, 492 | 2, 483, 506, 681 
if | 36,608,168 | 536, 789, 747 | 45, 048, 017 89,186,110 | 45,206,498 | 270,384,626 | 2,170,816, 754 
Lit: 7 eee | 34,364,216 | 482,999,129 | 42,294,064 | 66,685, 767 | 44,165,716 | 219, 501, 267 | 1,819, 446, 306 
ot | 32,085, 409 | 508, 928, 416 | 38,298,783 | 65,167,735 | 42,842,759 | 186,529,745 | 1,727, 925, 084 
ito; eee 30, 508, 408 507, 929, 421 | 36,818,643°| 67,020,942 | 40,600,276 | 166,272,770 | 1, 655, 414, 612 



STATISTICS OF FARM ANIMALS. 5TT 

Number and value of farm animals in the United States for the years 1868 to 1896. 

Horses. , Mules. Milch cows. 
January 1— oo |$ 

Number. | Value. Number. | Value. Number. Value * 

LJ ae 5, 756, 940 | $432, 696, 226 855,685 | $66, 415, 769 es 691,568 | $319, 681,153 
LM 2 Se ar 6, 332,793 | 533, 024, 787 21; 662 §8, 386, 359 9, 247, 714 361, 752, 676 
Li) =e eee 8,248,800 | 671, 319; 461 | 1,179,500 | 128.584, 796 10, 095, 600 304 940, 745 
Lot Lo 8, 702, 000 683, 257, 587 | 1,242,300 | 126,127, 786 10, 023, 000 374, 179, 093 
La ete 8, 990, 900 | 659, 707,916 1,276,300 | 121,027,316 | 10, 308; 500 329, 408, 983 
Lo eS ae a 9,222,470 | 684,463,957 | 1,310,000 | 124,658,085 10, 575, $00 314, 358, 931) 
NET ee ee ee 9, 333, 800 666, 927, 406 | 1,339,350 | 119,501, 859 10; 705, 800 299° 609, 809. 
Lin ee 9, 504, 200 646, 370, 939 | 1,393,750 | 111,502,713 10; 906, 800 311, 089; ae 
Livil 9, 735, 300 632; 446,985 | 1,414,500 | 106,565, i EBs O85, 400 320, 346, 7 
Le) ee 10,155, 400 | 610,206,631 | 1,448,500 99) 430, 976 11 260, 800 307, 743, bee, 
Lib we 10,329,700 | 600,813,681 | 1,637,500 104; 323; 939 11, 300, 160 298° 499, 866 
Lol). = a 10, 938, 700 573, 254,808 | 1,713,100 96, 033, 971 11; 826, 400 256, 953, 928 
ins) 11, 201, 800 613, 296, 611 | 1,729,500 | 105,948,319 | 12,627,000 279, 899; 420 
LOS] 12.355 eer 11, 429,626 | 667, 954. 820 | 1,720,731 | 120,096,164 | 12,368, 653 296, 277, 060 
Lot) 2 SS ee eens 10, 521, 554 615, 824, S14 1, 835, 169 180, 945, 378 | 12,611, 632 326, 489, 310 
LD ee 10, 838, 1410 765, 041; 1,871, 079 148, 732,390 18, 125, 685 396, 575, 405 
lit 2 oes Saas wk 683 835, 734,400 | 1,914,126 161, 214, 976 13, 501, 206 423, 486, 649 
Lh ae eee 11, 564,572 | 852,282,947 | 1,972,569 162; 497, 097 13; 904, 722 412, 903, 093 
iS) 12,077,657 | 860,823,208 | 2,052,593 | 163,381,096 14, 235, 388 889, 985, 523 
B30) a 12, 496, 744 , 685,755 | 2,117,141 | 167,057,538 | 14,522,083 378, 789, 589 
ihe 1 13,172,936 | 946,096,154 | 2,191,727 | 174,853, 563 14, 856, 414 366, 252, 173 
ee ir Se 13, 663, 294 | 982 194 827 | 2,287,574 | 179, 444, 481 15, 298, 625 366, 226, 371 
ieee 14, 213, 837 978, 516, 562 | 2,331,027 182, 394, 089 | 15, 952, 883 353, 152, 133 
LCL Se eee 14, 056, 750 | 941,823,222 | 2,296,532 | 178,847,370 | 16,019,591 346, 397, 900 
Uy Ses 15, 498, 140 |1, 007; 593, 636 2,314, 699 174; 882: O70 | 16,416, 351 351, 378, 132 
LS re 16, 208, soz | ’ 992 9225, 185 | 2,331,128 | 164, 763,751 | 16, 424, 087 357, 299° 785 
LIS a6 de ie 16, 081,189 | 769,224,789 | 2,352,231 | 146, 232, 811 16, 48 7, 400 358, 998, 661 
Lhit a 5, 893, 318 576, 730, 580 | 2,333,108 | 110,927, 834 16. 504. 629 362, 601, 729 
Li? Dee ae 15,124,057 | 500,140,186 | 2,278,946 | 108, 204, 457 16, 137, 586 363, 955, 545 
Lint a= 14,364,667 | 452,649,396 | 2,215, 654 92, 302, 090 15, 941) 727 369, 239, 993 

and other cattle. Sheep. Swine. Sanpary | O*°* Total value 
=F Number. | Value. Number. Value. Number. Value. animals. 

BSB == 2535 11, 942, 484 | $249, 144,599 | 38,991,912 | $98, 407,809 | 24,317,258 | $110, 766, 265 $1, 277, 111, 822 
fo, 12) 185, 385 | 306, 211, 473 | 37, 724, 279 82, 139, 979 | 23,316,476 | 146,188, 755 | 1,527, 704, 029 
Boyt eae ee 15, 388, 500 346, 926, 440 | 40, 853, 600 93, 364, 433 | 26,751,400 | 187,191,502 | 1, 822,327,377 
Cy 16, 212,200 | 369,940,056 | 31, 851, 000 74, 035, 887 | 29,457,500 182) 602, 852 | 1,810, 142, 711 
1 16, 389, 800 321; 562, 693 | 31,679, 300 88, 771, 197 | 31,796,300 | 138,733,828 | 1,659, 211, 933 
BS(S2e == 16, 413, 800 329; 298, 755 33, 002; 400 97,922,350 | 32,632,050 133) 729 615 1, 654, 431, 693 
Liye eee 16, 218, 100 310, 649, 803 33, 928) 200 88, 690, 569 | 30,860, 900 134, 565, 526 1,619, 944, 472 
aSip 2 16, 313, 400 304, 858, 859 | 33, 783, 600 of) 320, 652 28) 062; 200 | 149, 869, 234 | 1, 618, 012, 221 
Biss == 16, 785, 300 319. 623, 509 | 35, 935, 300 93, 666, 318 | 25,726,800 | 175,070, 484 | 1, 647, 719, 138 
(a 17,956,100 | 307, 105, 386 39, 804, 200 80, 892) 683 28,077, 100 | 171,077,196 | 1,576, 506, 083 
ioe 19, 223,300 | 329,541,703 | 35,7 740, 500 80, 603, od 32, 262,500 | 160, 838, 5382 | 1,574, 620, 783 
pis) 21,408,100 | 329,543,327 | 38, 123, 800 79, 023, 9 34,766,100 | 110,613, 044 | 1, 445, 423, 062 
Po: acne 21,231,000 | 341, 761,154 40, 765, 900 90. 230, P37 34, 034, 100 145, 781,515 | 1,576, 917, 556 
S89) -<---< 20, 938, 71 362, 861, 509 | 48,569, 899 104, 070, 759 | 36,247,683 | 170, 535, 435 | 1,721, 795, 252 
$882 222=-- S 463,069,501 | 45,016, 224 105, 595, 954 | 44, 122, 200 263, 543, 195 | 1,906, 468, 252 
Boe eee ae 28, 046, 07’ 611,549,109 | 49, 237,291 124; 366, 335 43, 270, 086 991; 951, 221 2, 338, 215, 765 
5 ct 29,046,101 | 683, 229, 054 50, 626, 626 | 119,902,706 | 44,200,893 | 246,301,139 | 2, 467, 868, 924 
Ue 29,866,573 | 694, 382, 913 50, 360, 243 | 107,950,650 | 45,142,657 | 226,401,683 | 2,456, 428, 383 
Biss eS 81,275,242 | 661,956,274 | 48,322,331 92, 445, 867 | 46,092,043 | 196,569, 894 | 2,365, 159, 862 
dee ee 33,511,750 | 663,187,926 | 44, 759, 314 89, 872, 839 | 44, 612, 836 200, 043, 291 | 2, 400, 586, 938 
1888. ..... 34, 378,263 | 611,750,520 | 44, 544, 755 89, 279, 926 44 346,525 | 220,811, 082 | 2, 409, 048, 418 
1889_..... 85,082,417) 597,236, 812 | 42,599,079 90, 640, 369 50, 301,592 | 291,307,193 | 2,507,050, 058 
1890. .... 86, 849,024 | 560,625,137 | 44, 336, O72 | 100,659, 761 51, 602, 730 | 243,418,336 | 2,418, 766, 028 
gist eee 36, 875, 648 54. 127,908 43, 421,136 | 108,397, 447 | 50,625,106 | 210,193,923 | 2,329, 787,770 
Lh iat 87, 651, 239 570, 749, 155 Te 933) 365 116,121,290 | 52,398,019 | 241,031,415 | 2,461, 755, 698 
1893_....- 35, 954, 196 547, 882, 204 | 47, Ae 553 125, 909, 264 | 46, 094, S07 295, 426, 492 2 33, 506, 681 
1894_..... 36, 608, 168 536, 789, 747 | 45, 048, O17 89, 186,110 45, 206, 498 270, 384, 626 | 2,170, 816, 754 
VC 34, 364, 216 | 482,999,329 2) 294° O64 66, 685, 767 | 44,165,716 | 219,501, 267 ils 819, 4465, 306 
1896. _.... 32) 085, 409 508, 928, 416 | 38, 298, 783 65, 167,785 | 42,842,759 186, 529,745 | 1, 727,926, 084 

——— 30, 508, 408 507, 929, 421 36, 818, 643 67, 020, 942 | 40, 600, 276 166, 272,770 | 1, 6355" 414 612 

12 Aa96 37 
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EXPORTS OF AGRICULTURAL PRODUCTS. 589 

Principal countries to which products of domestic agriculture were exported during 
the fiscal year ending June 80, 1896, 

Great sae 
Siar British Ger: < Britain ea #5 All other Article. Total. Seni cen many. France. connteies: 

Ireland. : 

Animais: 
DE) 5 ees $34, 560, 672 |$33, 984, Sao: | i820, 410) | 2s estas ees ie eee $246,319 Elna: (2 Se a eee 227; 297 5, 950 AT ieee aS pri sree 2 212, 899 
ci 2 Oe ee 3, 530,703 | 1, 776. 600 736, 90: $614, 862 $58, 600 344, 238 
OU Weg. 3e 2: ee ae ae 406, 161 i 000 fe Ul ent Cees teeees MME Ss ET = 271, 553 
SLD Ee oe 3, 076, 3st] 2, 647, 640 BOD OMO iW aan oe se 27, 590 205, 284 
All kek. including fowls-_- 39,7 152 5, 090 11, 390 SSCL MU. cateeeero 138, 868 

Prinrilemere so 5> 55.) TE or 840, 969 | 38,421, 225 | 1, 1,415, 620° 629 _ 68, 666 | 86,190 | 1,294, 261 

Bones horns, etc .....--.---=---- 321, 680 | 98, 191 0, 812 9, C42 62, 835 130, 799 
Breadstufis: 

isp idl le 2) See ee Se eee 3, 100,311 | 2,257,360 57, 855 356/598 2... 6 See 428, 203 
Bread and biscuits_--.-__---- 694, 323 3, 137 462, 499 1, 469 eto eee 284, 218 
Deo Sector eee 37,836, 862 | 18,719,940 | 8,401,461 | 5,121,573 1,624,054 | 8, 969, 834 

Mprnetitenmle: 2.5222) ool _= 654, 121 236 880, 752 eee 130, 115 Silicone 3,497,611 | 1,894, 798 306, 143 199, 2: 364, 028 733, 378 
eemeecctle noes Se kh 939, 502 2, 570 14, 347 11 685 250 160, 650 

Plas ee eee 445, 075 124, 612 20, 423 WIZ BEB NE 5.2 ene Se 187, 672 
Sub eS Se Gos eee eS 975 S| ges aellae 10, 185 “a oe ee Ses ae 39, 709, 868 | 27,806,126 | 5,885,716 608, 450 81,769 | 5,727,807 
Munent HOU... 96 -.-- s.-= nc 2, 025,217 | 29,108, 434 110, 017, 263 632, 569 4,289 | 12,262, 662 
All other breadstuffs____.__ 2, 442, 940 826, 778 490, 859 259, 348 7, 090 858, 865 

232 2. Se ee 141, 855,993 | 81,709,991 |20, 478, 293 | 7,333, 640 | 2,081, 480 29, 753, 589 

Liisa ESL Bho eeeeeok oo ack 160, 139 Tero0: (Ls: eee 19, 984 
Casings for Sausages._...==-2--. 1,771, 680 282, 507 141, 034 739, 075 99, 509, 253 
oli ts eae eee 47, 670 46, 276 (Oral a Sed 597 
Cotton, unmanufactured---____- 199, 056, 460 | 93, 080, 467 | 2, se 010 |41, 759,576 |19, 506, 348 32, 871, 059 LDL... re 48, 339 91 38, 507 nie ee aes 9, 728 
IDS 5 a)! ee aie 556 GA) | eer Se ee 496: Sas See Peeite EAC (3 76 ts See ae ee 5, 679,066 | 2,169,873 | 1,345,529 715, 254 174,456 | 1,273, 954 airomublesrees <> 2 SS Tee aa 193, 046 56, 025 17, 187 80, 054 14, 721 5 
Glucose cr grape sugar_.______- 2,772,325 | 2,598, 620 122, 562 12, 695 6, 080 37, 978 Git 228 Se a nen 166, 930 43, 834 86, 696 18, 539 1, 084 16,777 
OUD Gn nt a (fl ee eee (5) eee ears ese ae 3 
SG Gr ee 1,516, 763 588, 160 353, 343 235, 128 192, 059 148, 073 
J i i.it:).. 3 ae 44,583 24, 465 ey 19,319 75 509 
= hee i+ eee. Se 455, 880 297, 350 19, 646 14, S00 20, 652 108, 332 

=> See eee 874, 048 599, 837 66, 790 1,988 226 205, 207 
Hides and skins, other than 
Ch Slatin i as 3, 858, 946 277,197 | 1,048, 635 | 1,074,268 | 1,021,321 437, 525 DLL OY Le errr 90, 969 58, 147 2) 925 6, 594 8, S34 14, 469 LP Linzi a eee 1,478,919 | 1,387,349 74, 884 PAG? | oes 16, 4409 

Luflul. 226. =e ie 126, 942 , 040 31, 294 DEOt| See se 78, 548 
Lisi) GS Se a SS Se ee S00, [ee ee a ee! Coy 2 eee ESBS Es oo 2) ea Aes 
Oil cake and oil-cake meal -____ 7,949,647 | 3,506,715 149, 455 | 1, 939, 558 123,745 | 2,230,174 

Oils: 
J id a 477, 240 152, 643 184, 080 24, 584 34, 003 101, 920 
Cotton-seed ._-......-....... 5, 476, 510 631, 172 310, 180 271, 152 | 1,356,858 2,907, 148 
ibrkes:):) 21; 8 Be 35; 2e0h | aun see oo ATL) MR 2 foes a ea 28, 

fa) 2 ee 5, 987, 010 | 763, 815 498, 986 295,736 | 1,390,861 | 3,037,612 

Provisions: 
Meat products— 

Beef products— 
Beef, canned .......- 5, 636,953 | 3,629,301 414, 576 616, 540 448, 070 528, 466 Beef, fresh ......___- 18, 974, 107 | 18, 950, 744 Uy Sy TU] Pee Oe a (ree eae 5, 642 Beef, salted or | 
TA fo pee ae 8,975,113 | 2,119,928 663, 740 358, 750 82, 857 799, 843 

Beef, other, cured_.- 59, 371 30, 257 8, 839 ‘Re See eee 2, 867 
BROS vote re ca. bce 2,323, 764 796, 875 68. 678 297, 873 357, 547 802, 791 

atalies. 38.5 2 2 30, 969, 308 | 25 527, 100 | 100 Ge: 173, 554. | 1,290, 57. 838, 474 | 2,189, 609 

Hog products— 
[Oo i ee 33, 442, 847 | 27,746, 893 473, 330 603, 022 281,616 | 4,887,986 
Ea 2 12, 669, 763 10; 066, 718 475, 009 176, 443 60,190 | 1,891, 408 
Oreo PORs 2 o-— el 43, 739 40, 103 AL 0) ie eae Leena cometh ata ee Pork, pickled ......-| 3,973,461 750, 774 | 1,889, 184 74, 992 11,875 | 1,246, 636 
La rd. 2 ee 33,589,851 | 13,521, 493 745,119 | 7,788,975 | 2,131,390 9; 402) 874 

Cae ae ae a | 83, 719, 661 5,981 | 3,5 586,278 | 8,643, 432 | 2, 485,071 | 16, 878, 809 
 - ha 31, 793 = ~ 98, 7A 1! 1,807 | TY ee ae | 1, 202 
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Principal countries to which products of domestic agriculture were exported during 
the fiscal year ending June 80, 1896—Continued. 

Satan All =o other 
Article. Total. ariel near Seu 

Treland 

Provisions—Continued. 
Meat products—Continued. 

Oleomargarine— 
Imitation butter__..| $587,269 $24,730 | $181,106 | $197,548 |_---....... $183, 885 
fi Nore) ae eee 8, 087, 905 664, 943 94,620 | 1,575, 906 $10,841 | 5,741,595 

stat (s- Seas ec 8, 675, 174 689, 673 275, 726 | 1, 773, 454 | 10,841 | 5,925, 480 
Poultry and game-.-.---.-- 47 19, 912 17, 774 103i). 22. eee 2, 859 , G47 2 
All other meat products} 1,767,437 905, 016 212,469 204, 750 73, 750 371, 452 

Dairy products— 
RE bot SE 2,987,208 | 1,768,453] 310,889] 139,762 30] 718,119 
hebsb. SS eee 3,091,914 | 2,491,088 512, 142 626 i s— lee 88, 056 
Ml on en Ny | "270; 453 27,509 | 50, 944 36 62 | 191,912 

ic) ee ee. Sees 6, 299, 57 4, 287, 050 873, 925 140, 426 82 988, 087 

Total provisions --.---|131, 503,590 | 83,583,473 | 6,141,533 {12,052,778 | 3, 408,218 | 26,317, 588 

ee: eee 14,117 4, 842 666 164 loon 8, 445 
pee eT tebe: 2... oe coseea se 153, 896 51, 234 13, 910 44, 342 6, 274 38, 136 
seeds: 

Gicverpes.< 22-22-23: 437,493 75, 261 258, 231 76,199 1,099 703 
RSG ae = ee ee es 179, 621 177,451 288 618 7 1,157 
Flaxseed or linseed_-----.--- 73, 207 §, 002 = roe 465 | 34, 199 
igticts |) eee 518, 755 106, 046 311,510 68, 812 8, 640 23, 747 
All other ......--..---.--..--| 382,941] 138,769] 74,557] 427985] 24,993] dei.ea7 

otal: Me ose eee ed 1,592, 017 | 485, 529 675, 227 188, 614 85, 204 207, 443 

TARR oe rls oe = eee 5, 293 5, 225 68 | ee 
Sugar, brown, molasses, and 
St) ne nC ee 748, 259 498, 190 78, 155 5], G18) eater 140, 296 

Tobacco, leaf, stems, and trim- 
Thy 2 ox: Nie eas Se es Se R's 24,571,362 | 8,265,259 | 1,768,502 | 3, 034,342 | 2,614,605 | 8,888, G24 

Vegetables: 
Beans and peas...-..-.---.-- 632, 073 14, 2: 137, 702 6, 760 
Grong 2et 255225 a5 eet 3 61,181 2,166 21, 585 80 
IPGPALORS S266 = 23) hood ae a= =e 371, 485 1,412 55, 641 27 
Vegetables, canned-.------- 407, 506 284, 772 50, 217 1, 753 
All other, including pickles- 182, 805 29, 368 2, 693 241 

Way: Wg ee at Sep Oe Se SEEPS Se 1, 655, 050 471, 948 397, 838 8, 861 

a! |e ee. te 65,844 | 37,261 827 | 21,188 - 
TE es eee Se 651, 287 111, 081 15, 446 77,167 
7 rs ee RS ee oe ae See 855, 950 174, 445 B12, 552 28, 516 

ited oes Se cest 568, 657, 247 (319, 680, 248 {38,307,657 |70, 387, 071 |30, 914, 604 |109, 367, 667 
TET Ooh se oe ee ee eee ane: rs See ee © 56. 22 6. 74 12. 38 5. 43 19.23 

1 Unenumerated articles, amounting to $3,242,598, make up the total to $571,889,845. 

Quantities of cheese exported from the United States to the leading countries of 
destination during the five years ending June 30, 1896. 

Year ending Jane 30— 
Country to which Annual average, 

papers iso, | 1903. | 1694. 1895. 1896. ae 

Pounds. | Pounds. Pounds. | Pounds. Pounds. Pounds. | P.ct. 
United Kingdom ----- 70,201, 769 | 69,845,314 | 61,459,757 | 48,286,660 | 29,801,334 | 55,918,967 | 83.6 
Wanada’. . Seene.-- = 9,561,251 | 9,107,977 | 10,081,785 | 10,287,839 | 5,254,494 | 8,858,669 | 13.2 
MPexNCO! = ste eee 126, 577 158, au 109, S76 112, 421 110, 142 123, 517 -2 
British West Indies -- 670, 520 724, 7 122, 117 696, 381 5 €93, 944 1.0 
epeais set 2 ee 134, 699 1238, 242 109, 672 106, 668 80, 896 111, 035 22 
EN IESE alee 2 202, 611 225, 421 215, 021 52, 680 42,896 147, 726 <2 
Perio Rico .-- 4252252 247, 532 244, 884 130, 545 25, 319 25, 404 134, 737 «2 
British Guiana ------- 261, 007 270, 556 354, 630 240, 397 136, 283 2a2, 575 «4 
Wacyai>. 2. 86, 751 47, 158 80, 787 87,615 93, 795 $5, 221 ail 
Other countries ------ 507, 504 5738, GL7 587, 344 552, 441 576, 727 579, 407 9 

—$<$—<—= 

Stale Soe 82,100,221 | 81,359,923 | 73,852,134 | 60,448,421 | 36,777,291 | 65,905, 798 | 100.0 
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Quantities of sugar imported into the United States from the leading countries 
of supply during the five years ending June 30, 1896. — 

Year ending June 3)— 
iGommiay fromowhich 00 = — eeeeeeeeeee 

imported. 1892. 1893. 1894. 1895. 1896. 

5 i 5, 832 
Germany... o5 2 eccss 177, 620, 486 326, 827. 358, 649, 535 311, 182, 968 525, 991, 657 
Webherlands -.— --- ....-- 466, 789 2, 717, 110 23, 829, 548 12, 600, 203 , 955, 
United Kingdom --------- 6, 834, 696 31, 964, 310 58, 241, 416 40, 610, 295 56, 992, 162 
Canwae 35 oe 3, 293, 148 20, 480, 195 3, 846, 249 , 829, 961 1, 304, 
British West Indies --.--- 259, 249, 702 332, , 755 256, 821, 752 193, 498, 237 217,421,118 
Danish West Indies ----.-- 9, 041, 406 13, 894, O70 45, 558, 546 9, 131, 589 12, 202, 619 
Santo Domingo- -----~----- 62, 615, 068 64, 036, 960 89, 421, 821 66, 492, 169 116, 972, 841 
le 7 2 el ae Re ees ae 1, 983, 540, 022 | 1, 843, 652, 253 | 2, 127,502,319 | 1,845, 763,398 | 1,093, 171,312 
Puarto Hic 2-.-.-5-=25--- 80, 474, 547 99, 617, 911 75, 546, 030 56, 352, 954 81, 582,810 
Soins 7s ee alee a ee mee 178, 404, 072 114, 598, 997 258, 447, 122 189, 262, 039 191, 457, 878 
British Guiana .....--..-- 139, 570, 854 159, 061, 559 134, 455, 359 110, 848, 960 146, 433, 256 
Dutch Guiana ...... .....- 7,132, 576 14, 798, 065 2, 787, 452 8, 794, 544 12, 299, 609 
oo eS ee eee | 6, 855, 085 10, 575, 216 21,189, 075 23, 696, 923 31, 827, 859 
Dutch East Indies. ------- 149, 956. 946 183, 492, 832 288, 013, 620 280, 464, 270 567, 670, 780 
PanPrOnNe &-—. 225-5 8 2, 906, 07: 7, 847, 396 11, 203, 629 &, 351, 495 12, 046, 973 
pe Te er eee | 262, 612, 405 289, 553, 529 326, 574, 584 274, 885, 228 352, 175, 269 
Philippine Islands------..- 97, 285, 662 122, 413, 780 124, 052, 343 68, 770, 492 145, 075, 344 
British Africa .—....------ SUGGC DID | awe eee Ses 8, 595, 345 3, 776, 030 26, 564,115 
Dan eas See eet 7, 885, 003 CA OR, Bees ees le 23, 250, 815 100, 335, 317 
Other countries --....-..- 2,675, 194 12, 358, 226 11, 532, 522 16, 162, 679 15, 611, 403 

RR GbRIT 32 Bone ea eke 3, 556, 509,165 | 3, 766, 445, 347 | 4,345,193, 881 | 3,574,510, 454 | 3,896,338, 557 

Quantities of unmanufactured wool imported into the United States from the 
leading countries of supply during the five years ending June 80, 1896. 

Year ending June 30— 
Country from which 

imported. 1892. 1895 1896 

Pounds. Pounds. Pounds. 
plore re. oe oe be sot 130, , 463, 9, 210, 715 
MEANCG 2-3 phen ane k ole on 4, 882, 555 , 245, 13, 279, 720 
enmany —-0- 505525250. 415, 815 1, 235, 815 2, 021, 443 
Bers) ns eS 32,460, 709 12, 388, 082 9, 945, 248 
Turkey, European ------- 2, 458, 942 2,819, 710 5, 803, 833 
United Kingdom ------..- 43, 473,171 78, 391, 661 90, 907, 989 
coin) eee 1, 137, 216 7,031,178 4, 964, 753 
Arann i Eo 14, 127, 791 25, 745, 854 22, 736, 851 
Ji, Soa See eee 2,374,910 2,149, 749 3, 438, 140 
Pirneey oe 2 See ae 4, 832, 563 10, 347, 873 8, 114, 961 
Cit a ae ae 13, 889, 957 26, 089, 418 24, 547, 088 
British East Indies -----..- 568, 605 884, 272 123, 237 
Turkey, Asiatic ...._..-.- 9, 194, 835 7,829, 877 5, 453, 664 
British Australasia---..-- 15, 359, 722 12, 583, 814 20, 884, 269 
British Africa -.....-..-.- 1, 143, 112 , 871, 253 8, 252, 441 
Other countries -...------ 2, 220, 511 , 656, 441 1, 725,120 

3 
1 

INT) UIE 2S Sct 148, 670, 652 172, 433, 838 55, 152, 585 206, 083, 906 230, 911, 473 
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STATISTICS OF FRUIT AND VEGETABLE CANNING IN THE UNITED 
STATES. 

[From the Census of 1890.] 
PPGRIEAI EH TOVEO oso oa sheet Maa SESE ha ih nm wae ine $15, 815, 185 
mayetace. number Ot, emiploypes .-.- 2222 .- 3 ... -4-- Bw nese 50, 881 
Gwites peed Gurns the year © ° 22-42. .. 2-2. --8- /.-.---- $5, 243, 707 
[Ons ORME bOnIaI SOO). ee eee en ee aes eee ee $18, 665, 163 
Penh MINT PROT ERS 2 cle oe th ee bo ee $29, 862, 416 

The capital employed in this industry was only $701,388 less than was employed 
in the creamery and cheese-factory business, while the value of the products 
exceeded the combined value of all the windmills, clocks, watches, firearms, mir- 
rors, mats and matting, linen fabrics, and enameled goods manufactured in the 
United States during the same year. 

AVERAGE PRICE AND CONSUMPTION OF SUGAR. 

Average price per pound of ‘Standard A” sugar in the New York market and 
average consumption of sugar of all grades, per capita of population, in the 
United States from 1878 to 1895. 

Consump- . oe, | Consump- 
SvOreee tion per coh e tion per 

Calendar year— r pel e conita, of Calendar year— Deer capita of 

pound hs aoa pound ngpuie 

Cents. Pounds. Cents. Pounds. 
1 Oe ee 8.94 SEO |, lool aannwsinws Prete eee . 66 52.7 
1 > ee eee 8.53 2 St Gal | fen cs (ae ee eee 6.69 56.7 
1 e SSSa RS Byes Re aes 9. 48 777 Sl 3 eS: EE ES sre 7.59 5L.8 
Lo.) J ae Seater 9. 84 ees ROW 2 o22 a tan econ ee ses 6.00 52.8 
ios sa = BSE ee EE ee eee 8. 87 A IDO soe Se os Bonnet we ae eee 4,47 66.1 
Oe a ee 8.14 Loe RBOR OS as ee ee ee eS 4.21 63.5 
iis a. ees 6. 37 Be Es BOS a eso eae ee 4.72 63.9 
Ik sy. See ape 5 6.06 Sle Bell Ladke saan eens cere 4,00 66.0 
Tis So. 2 eee 5.81 BGO EI BOREe ont mic oe ee 4.00 62.6 

TEA, COFFEE, WINES, ETC. 

Consumption of tea, coffee, wines, distilled spirits, and malt liquors in the United 
States for the years 1870 to 1896, per capita of population. 

Year ending June 30— Tea. Coffee. | Wines. eee, iene 

Pounds. | Pounds. | Gallons. |Proof gas. Gallons. 
0. 82 2.07 5 1.10 6.00 31 

1.14 7.91 40 1.62 6.10 
1.46 7.28 -41 1.68 6. 66 
1.53 6. 87 45 1.63 7.21 
1.27 6.59 48 1.51 7.00 
1,44 7.08 45 1.50 6.71 
1.35 7.33 45 1.33 6. 83 
1.23 6. 94 47 1.28 6.58 
1.35 6. 24 47 1.09 6.63 
1.2 7.42 - 50 1.11 7.05 
1.39 8.78 56 1.27 8.26 
1.54 8.25 AT 1.38 8.65 
1.47 8.30 49 1.40 10.03 
1.30 8. 91 - 48 1. 46 10.27 
1.09 9.26 37 1.48 10.74 
1.18 9.60 - 39 1. 26 10, 62 
1.37 9. 36 45 1.26 11.20 
1.49 8.53 -55 1.21 11.23 
1.40 6.81 61 1.26 12. 80 
1.29 9.16 - 56 1,32 12. 72 
1.33 7.83 46 1.40 13. 67 
1.29 7.99 45 1. 42 15, 28 
1.37 9.61 44 1.50 15.10 
1.32 8. 24 -48 1.51 16.08 
1.34 8.01 31 1.33 15.18 
1.38 9. 22 28 1.12 14.95 
1.31 8. 04 25 1.00 15.16 
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TOTAL VALUES OF EXPORTS OF DOMESTIC MERCHANDISE FOR 
THE YEARS 1890 TO i896. 

Manufactured. 
Agricultural. | Cther nonmanufac- 

Year end- tured. ing to 
30) SS ee value. 

June Value. | Per cent. | Value. Per cent. Value. | Per cent 

Lb 29, 820, 74.51 | $64,370, 644 7.62 | $151,102, 376 | 17.87 | $845, 293, 828 
Ti ieee 642, 751, 344 73.69 60, 591, 624 6. O4 927.315 19. 37 872, 270, 283 
id Ree | - 799, 328, 232 78.69 57, 852, 842 5.70 | 158,510, 937 15.61 | 1,015, 732, 011 
Dass oa 615, 382, 986 74.05 57, 624, 681 6.93 | 158,023, 118 19. 02 831, 030, 785 
it. a eee 628, 363, 72.28 57, 1138, 091 6.58 | 183,728, 808 21.14 869, 204, 937 
a ES Se get 553, 210, 026 69.73 56, 586, 830 auks 183; 595, 743 23.14 793, 392, 599 
i At ee a 571, 899, 66. 25 62, 729, 464 7.27 228) 571, 178 26. 48 863, 200, 487 

EXPORTS OF RAW COTTON FROM THE UNITED STATES FOR THE 
YEARS 1890 TO 1896. 

Per cent | Average 
Year ending June 30— Pounds. of total | export price per 

cree pound 

Cents. 
POU aon ahwamthivenvetwaws dawnt wanvane dass sine a wees seh erro 2,471, 799, 853 68.15 10.1 
1 Eee ee SS Oe eta Sa ae i epee Be 2, 907, 358, 795 67. 36 10.0 
eae an eee eee eae ee 2, 935, 219, 811 65.13 8.7 
L125 LS en yee ie eee eet peer ees ee Se oe SS 2, 212, 115, 126 65. 99 8.5 
Lb: Bee ee een a ee EERE eee tie Soares aace 2, 683, 282, 325 71.20 7.8 
7 LL I elie rae Oras SNS ET Ee EOE SAS CE RE oe esi 3, 517, 483, 109 69. 83 5.8 
LL RR ie eee ma ee oA Ee it he Pe Pe 2, 335, 226, 385 65. 00 8.1 

PRODUCTION OF CERTAIN FRUITS AND NUTS, MOSTLY SEMI- 

TROPIC, IN THE UNITED STATES IN 1889, AND THE QUANTITIES 
AND VALUES IMPORTED FROM 1891 TO 1896, INCLUSIVE. 

Total Imported during year ending June 30— 

United Product. aatt 
States crop in 1891. 1892. 1893. 1894. 1895. 1896. 

1889. 

-| 1 $6, 602,099) $2,339,987] $1,210,338) $1,695,469) $1,127,005) $1,997,266) $2, 694,131 
988,100} 4,351,970 , 548,263) 4,994,328) 4,285,278! 3,917,326) 5,040,344 
162, 497 a 59, 867 2 37, 829 2 47,196 248, 764 28,104 239,602 

1280,654) 5,854,752) 5,000,632] 5,361,187) 5,122,503) 4,674,861] 4,502, 746 
1307.27 697, 562 511, 142) 548, 995 392, 7, 420 639, 512 

»#'=9 39 201,565) 38,338, 759) 310, 503,928) 3 7, 985, 959) 3 11, 855, 890/311, 900, 710 
(4) 2 661, 596 551, 629 493, 910 387, 586 16, 278, 456 

520, 091, 012) $ 17, 084, 557) 3 16, 211, 906) 8 12, 408, 192) 315, 186, 789\513, 680, 302 
Cocoanuts -.---.-- 251, 217 918, 233 917, 564 852, 509 786, 777 471, 994 442,739 
Pineapples-.-.---- 1 812,159] 2558,288) 2746,561| 2743,861! 2753,129]  2314,039] 2332, 068 
hives. 2-35 Soe 386, 368 2 320, 164 2417,882} 2510,535 2378, 863) 2325,352| 2347,345 
Badins Sls 195, a 2, 018, 879 964, 309 1, 266, 342 554, 081 651, 420 460, 200 
eer ae d 2 27, 443, 900 $39) 572, 655 3 20, 687, 640 |* 27, 543, 563) 3 13, 751, 050) 3 15, 921, 278/310, 826, 094 

po SoAE (4) §21,577,852| 1,209,119 1. 185, 537 774, 802 258, 659 551, 072 
Stee oe 2542, $49, 814) 3 36, 665, 828) 3 33, 166, 546) 3 2, 664, 843) 3 16, 450, 706/933, 040, 846 

Plums and {ren 660 2 054, 486 437,271 1, 162; 318 416, 527, 625 68, 862 
prunes ..__.... 3 34, 281, 322) 2 10, 869, 797) 3 26, 414,112] 39, 508, 122/314, 352, 057| 3 483, 658 

iNainds 1.525.110 5 931,007] 1,028, 671 938, 054 769, 453 810, 439 763, 594 
oi oa esd 36,812,061) 3 7, 629, 892) 36,679,147| 37,436,784) 37, 903, 375) 3 7, 789, 681 

1 Returns from a few districts not quite complete. 
2 Entered for consumption. 
Fo eles Be in pounds. 

alue of crop not ascertained. ? 
5 Quantity in pounds entered for consumption. 
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is Diacram 8.—FREIGHT RATES. 

AVERAGE PATE PER MILE FOR TRANSPORTATION.) 
FEAR: |... (ALL RAILWAYS IN THE UNITED STATES) 

PER TON OF. FREIGHT. PER PASSENGER. NY) 

Ree ce wes x WW =e MSG —s GK na . nue WK 

o LZ | 
nee SSS meee NSS Le 

ao ~—y aia 
Co CREE RW 5 
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FREIGHT RATES (ALL RAIL) IN EFFECT JAN. 1, 1892 TO 1896. 
WHEAT AND GORN:(CARLOADS) IN CENTS FER 100 POUNDS. 

CHICAGO TO NEW YORK.WA__ EAST_ST_LOUIS. 112. TO NEW YORK. as 
WUWULBAELEEEAGUYGBEALGAGEGGGZLGG 

WHIM Rill a Ye 
J SUS SNS SEES UEEESSS SS couuoe 

SS an 
ESS WK CQ(YQ(vry MAAS 

AVERAGE FREIGHT: RATES .ON WHEAT FROM 

NEW YORK TO LIVERPOOL. 
(IN CENTS. PER BUSHEL). 
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THE WEATHER BUREAU. 
THE WEATHER IN 1896. 

Highest and lowest temperatures, with the highest and lowest ever recorded. 

: 8 BR] og | Po ed 

Station. 4 : a | % E 8 4 Z 2285 
lel elei eis /S)/2|81 215 | 2 | sage 
slelal/¢q/a/S/48]4]2a2]/6)4)a}m 

Boston, Mass.......-j| 19 |i | $3] 35| 33| 49 r/o] 40| S| @| 4] —aB 
Philadelphia, Pa...) | | $5] 25) 45/ s2| ci| o6| | a] 2] Bl 6 
coareston,s.c....4] ${ 2| #] 8) Bl] HB) &) M) 8) Bl ge] aot 
Jacksonville, Fla-...}/ S| 27] 3 | | 53| on| “ol ce] as} so] 43] a] cae 
Indianapolis, Ind -...} _* By 2 12 26 2 m2 Bt 50 3 29 ip 12 ey 

Springfield, .......j| J] "Q| 7} oe] | se] 53] s2| 3] go] 8] af —e 
Davenport, Towa ...-} = ey 2 fa 2 e 3 x Hs g e Rig 

Des Moines, Towa ...j| 43/2] "| so} ae] 40| | ar] fe] Sol-2| | a0 
Memphis, Tenn......}] $2] {| 3 | S| 8| 53| ‘| oo] a | f| 19| al se 
New Orleans, La....}! 33] $7| 1] 40| | | m| wo| 3| Bel oe] @| BB 
Moorhead, Minn ....}| 37 | 49|33| i] so| fe| 3| S| 27] iglgeler] 
Springfield, Mo......}] | i] 2] | | 50] Sr| or | 4| 33) 9| 16] ar 
Tittle Rock, ‘ark ....5)°$8) 33) 2) 87) Be) a ae ae ee ee 
Lincoin, Nebr ......-}] | "| | S| a) ge] 53] $0] gs] or| ol 8] cc 
Wichita, Kans.......3] is} ir} st| #9] «| oo| o6| se] sel 7/ de| —as 
Palestine, Tex.......] | | 39| 58| 50 | “os| or| 70) ar] a3] 28| 3) —4 
Corpus Christi, Tex. = = “a = a i = a 4 por He a 2 

Helena, Mont........}|_ | 93/31 | 3B] | a} 3] 3] Sle] 3) —e 
Denver, Colo -.....-- ; . . bs a a it = rf 4 = ee He ithe | 

Walla Walla, Wash} $f] 8) %) | a] “a| | $3| 40) sel—o| tol —17 
gacramento,cal....j| &| B| E] B| 8] B) oH) 8) | Bl mle) aw 
Los Angeles, Cal....}] 35 | 36 | 33| a8 | “a¢| #3| 5c] 58] 50] a7 | a7] @| 28 
Monthly and total annual precipitation in 1896 (in inches and hundredths), with 

the normal for purposes of conparison. 

|e Ki Ell es ~ 
: o eles a 
bE elarei2leled ee ice 

Station. ai/eldial . BiBis\|8181 3) eee gs || 2 | sa OS WG We ito a eater Shh 
AISISIB( S18) a /e/2/8/5138)] g | 6 1 B- 
flelslaq/slé/8l4lelélazlal 41a la 

oe ee —_——— sa Peres | i | 
BOSOM MASS | 2 oto ce ncaa 2.25 3. 94/5. 411.56) 1.682. 71| 2.90)2.15 6. 403. 15)3. 701.70 37.55| 44.95| 26 
Philadelphia, Pa- 1.57.6. 87/4.11/1.19} 2. 27/4.07| 3.27] . 46'2. 76)2. 08/2. 50;1. 00) 32.15) 39.89) 25 
Charleston, 8. C-. 4.344. 04/3. 64) . 71 52/7. 57\10. 58)4. 7212. 75/1. 3811. 77/5. 761 47.78] 56.74! 26 
Jacksonville, Fla - 2.53.1. 66\2.51) .49) 1.24:9. 41) 4. 25/6. 16)2. 19/3. 03/4. 552. o 40.19) 52.26) 26 
Indianapolis, Ind - 1. 60 2.473. 081.27) 3.56/3. 09) 5. 72/3. 91/8. 17/1. 65/4. 19/1. 13) 39. 84) 43.34 25 
Springfield, Ml___- 1.77.2. 11/1. 25/1. 91) 2. 49/6. 45) 8.51)1. 87/5. 42/1. 76/1.88] .31, 35.73] 88.10) 17 
Davenport, Iowa- 891.45) .84:3.41) 4. 03)2. 28) 5. 68/3. 12/3. 98/1. 67) .68) .65 28.68) 33.80) 25 
Des Moines, Iowa. .60| . 791. 24/3. 47) 6. 50)2. 69} 8. 15/5. 49]3. 61/2. 69/1. 01) . 85} 37.09) 33.34; 10 
Memphis, Tenn-.- 4.323.194. 78/3. 78) 2.49/2.07| .80) . 84/3. 21/1. 49/7. 47| . 56) 35.00) 58.28) 25 
New Orleans, La. 2.33 2. 785. 29/4. 84) 2. 80/8. 23! 2. 92/3. 31)5. 265. 33/2. 82.3. 77| 49.68) 60.53) 26 
Moorhead, Minn - . T4| . 66/1. 48/4. 48) 4. 20/2. 61) 1. 3012. 26/3. cara . 73] 26.80) 23.76) 16 
Springfield, Mo-_-- 1. 50:2. 25/3. 40/3. 75,11. 46|2. 81) 2. 98/3. 04/4. 12/2. 50/2. 09) .'79| 40.89] 45.93) 10 
Little Rock, Ark - 4, 85/2. 89/4. 30/2. 67| 1.32/3.32| . 86/1. 82)8. 85/8. 12/3. 81| .51) 38.32) 53.91) 17 
Lincoln, Nebr -- .82| .22) 984.57) 9.77|2. 91! 5. 33}3. 93/5. 03/3. 30] .79| .29] 37. 44).-..-.|---.- 
Wichita, Kans..-- .62| 871. 58/3. 26] 3.02/7.10| 3.40) .31/3. 08/2. 27/1. 42] .63| 27.06) 28. 61 8 
Palestine, Tex---.-.- 7.67/7. 05/1. 77)1. 22] 4.13] .71| 1.67)1. 19/2. 017. 16/1. 67]2. 15} 38.40} 45.94) 13 
Corpus Christi, Tex-- 2. 12. 20| . 62/1. 60) 1.94/2.19) 2.38 . 53/4, 39/4.12| .30) : 73) 28.41) 29.13) 9 
Helena, Mont--.-...--- .72| .59)1. 71/1. 23] 2.25] . 71! 89! .86)2.54| .24'3. 29) .35) 15.38] 13.20; 15 
Denver, Colo -_------- -|,- 25] . 241.45) .93) 1.27) . 89) 2.80 .97/1.81| .84| .10} .31} 11.84! 14.50} 25 
Walla Walla, Wash -- 1, §8/1. 20/1. 15/3. 85] 1.68] .88] .15\1. 24) .17/1.57/3.09\2. 55) 19.41) 16.81) It 
Sacramento, Cal_-:-22.-22222 9.76) .09|2.57)5. 34] .92)0 P| GeO) aol 553.561. 76 25.06| 21.11; 19 

os Anzeles, Cal... 5-9. 3.23) T |2.97| .19} .30) T | .02) 01) T |1. 30:1. 66/2. 12} 11.80) 17.36 13 
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Mean relative humidity for 1896, with the normal for purposes of comparison. 

° th C . 
A o m 
Pe Be : rs | H a 8 a 

Station. Se Ph fs Pe | abe 5 a] g a 5 he i — 13) bl hm} 2 fo) Ns oO 

GI(SISl(Blaeleidlselelslslslisels 
SIblaAlt SIA l/s</nlOl4lAlAIA 

LAS TG TUES ee 73 | 73 | 71 | 62 | 62 | 70 | 74 | T4 | 79 | T4 | 79 | 6S | 72 2 
fepmronguin Pane 2 tn 71 | TL | G4 | 65 | GS | 68} 70 | 635 | 72 | 73 | 75 | 68 | 6D] 70 
Charleston, S. C -.-------------.---.----| 85 | 79 | 80 | 79 | 78 | 81 | 81 | 82 | 79 | 78 | 84 | 74 | 80) 80 
sacksonwille; Wiac-.------.--=..-------=- 82 | 72 | 75 | 72 | TL | 79 | 80 | 80 | 80 | 79} 83 | 82) 78] 78 
PacianaAnoOuls ind... ....--2--.5--<-ssc~0- 80 | 78 | 72 | GO| 62 | 65 | 68 | G9 | 73 | G8 | 73 | TL | 70) 69 
_ ll ea aie 77 | 72| 70 | 65 | 71 | 71 | 71 | 70| 78} 69 | 75} 76) 72) 7 
eegenport, LOWa........-.=.-5-.--------- 78 | 77 | 69 | 63 | 66 | 63 | 67 | 71 | T7 | 67 | 77 | 82 | 72] TW 
Mes memnes, LOwa)--.- ---_--_---- == ---_- 74 | 67 | G1 | 63 | 69 | G7 | 70 | 73) 77 | GB} TL] 76) 70) 70 
Li Scenic) SNS) 0 ro eee T4175 | 83 | 78} G9} 71} 68 | 66 | 6S | GS | 72 | 75) 72) 7 
lem On learis, Wisi. -2.--..-- 3 2 8 $2 | 76 | 80 | 79 | 77 | 73 | 76 | 76 | 79 | 76) 84] 78) 78) 77 
WL VOT ES 6 LR 85 | 82 | 81 | 75 | 72 | 69 | 71 | 64 | 73 | 74 | 86] 85] 76} 77 
S10 Te GIG A Ro ee re 7> | 69 | 72} 70 | 74} 77 | 70 | 68 | 74) 73] 76 | 70] 72) 7 
iPmnbio tock. Amik. <-o- $20. 122 1-.555.84 75 | 72 | 83 | 70 | 68 | 69 | G3} G1 | 68 | 69 | 74] 65 | 70] 7 
YI 62) 76 | G8 | 69 | 65 | G8 | G6 | 72 | 56 | 68 | 67 | 71 | 67 | 68) 68 
Dg 2S TE. UGS a ae ee 75 | 66 | 72 | 72 | 77 | G8 | ZL | 66 | 67 | 76 | 75 | 63) 71) B 
Cornus Christi, Tex .--.....-..-----2-- 387 | 79 | & | 89 | 86 | SO | 82 | 83} 83] 88 | 87 | 83} 84} 8B 
TRIE ON Groen on oS ve naj s=e ooo 64 | 63 | 62 | 56 | 58 | 43 | 47 | 45 | 63 | 57 | 66 | 6B} 57 | 55 
PME MO OLOM = oe nao s sna eee een ose ee 44 | 46 | GO| 47 | 44] 48 | 54 | 45 | 57 | 46 | 40 | 411 48] 49 
Wala alla..Wash_............--.----- 84] 76 | 78 | 76 | 74 | 54 | 42 | 45 | 57 | 69 | 79 | 8] 68] EL 
WCE MIOMO. CAL. --2-...-2-2-522s5ce- ST 6975 | 73) 166 158" 58") 621) 6421 °50) jee 68 
NaonpAmpoles) Cale io 52. 222652 skece0ue-ce. 71 | 53} 70 | 67 | 67.) 73 | 79 | 77 | 16 | 77 | 72 | 66) TL). 7 

VOLUNTARY OBSERVERS. 

For the information of persons who may be contemplating the offer of their 
services as voluntary observers to the Weather Bureau, the following statement 
concerning the equipment and duties of a yoluntary observer has been prepared 
by the Chief of the Bureau: 
When it is considered that of the more than 3,200 meteorological stations in the 

United States at which observations are being taken and recorded about 2,900, or 
nearly 90 per cent, are voluntary, it will be realized to what extent those interested 
in meteorology are indebted to voluntary observers for the material supplied for. 
scientific research. Without the cooperation of voluntary observers it would be 
wholly impracticable, with the data collected from the regular telegraphic stations 
of the Weather Bureau, to determine the local climatic features of the various 
sections of the couniry, which is being so thoroughly done through the extensive 
system of voluntary stations now in existence. The great increase in the number 
of voluntary meteorological stations during the past decade of years is due to the 
rapid extension of the State weather-service system, which now embraces the 
entire country in forty-two State weather-service organizations, which are auxil- 
jaries of the National Weather Bureau in the collection of meteorological data, the 
distribution of the daily weather forecasts and special warnings, and in the collec- 
tion and publication of local climatic and weather-crop information through 
monthly meteorological reports and weekly weather-crop bulletins. 

For several years the National Weather Bureau has encouraged the establish- 
ment of voluntary meteorological stations by supplying to persons interested in 
meteorology an instrumental outfit consisting of standard self-registering ther- 
mometers and rain gauges, a book of instructions to observers, and suitable blank 
forms for recording observations, upon condition that one observation shall be 
taken daily, preferably about sunset or thereafter, and that copies of records of 
observations made be supplied to the Weather Bureau through the State weather 
service in whose territory the station is located. Owing to the limited supply of 
instruments available for distribution to voluntary observers, it has been necessary 
to impose certain restrictions in their issue in order that the instruments might be 
placed where observations would prove of the greatest value. It frequently hap- 
pens that a person offers to cooperate as a volunteer observer and applies for instru- 
ments, and then learns through the Weather Bureau that a record is already being 
kept in his immediate vicinity. In such cases the Weather Bureau is compelled 
to decline the proffered services as observer as well as to furnish the necessary 
instruments. Until a few years ago the Weather Bureau in providing instru- 
ments for new stations observed the general rule of equipping no station within 
50 miles of one already established. With the gradual increase in the number of 
stations, this distance limit has been reduced to 25 or 80 miles. Persons occupying 
eligible locations under the rules now governing the issue of instruments, and 
willing to comply with the conditions upon which they are furnished, will, as far 
as practicable, be supplied with the instrumental outfit before mentioned upon 
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application to either the Chief of the Weather Bureau, Washington, D.C., or the 
director of the State weather service in whose territory he resides. 

The duties of a voluntary observer consist in taking and recording daily obser- 
vations of temperature, rainfall, state of weather, and miscellaneous meteorolog- 
ical phenomena, such as the occurrence of frosts, local storms, etc. 
Observations of air pressure and wind velocity by voluntary observers are not 

desired by the Weather Bureau. Enough data of this nature for the purposes of 
the Bureau, in the forecasting of weather, are obtained from the regular, paid 
meteorological stations, from which daily telegraphic reports are received. Obser- 
vations of air pressure by voluntary observers are mainly of interest to the observers 
themselves at the time of the observation in estimating the location of storm cen- 
ters in vicinities where there is no access to the daily weather map issued by the 
Weather Bureau. 
A trustworthy record of the weather is always of interest to any community, and 

is otten of very great practical value. Itisoneof the objects of the Weather Bureau 
to foster and encourage the keeping of such records. There are numerous calls for 
records of the weather as evidence in courts in important law cases months, and 
even years, after the record is made. Contractors and others interested in outside 
work often want a record of days when there was rain or there were high winds, 
when streams were frozen over or swollen with floods, etc. Farmersare interested 
in the state of the season, whether forward or backward, as regards temperature 
and rainfall. 
The Monthly Weather Review and other publications of the Weather Bureau are 

sent to voluntary observers in exchange for their observations, together with the 
weekly Weather Crop Bulletin and monthly reports of State weather services. 

TEXTURE OF SOME TYPICAL SOILS. 

= [r=] ég| a ls gals lal 23) 8 |3 gale |S3/8 
fe | 3 | 3 oe |Sa|c8| 33 

No. Locality. Description. ot oh s 9 43/2 qd =f Sg 

es| 2 | 8° i 3 | <a 
ae re Sef fo | © 
HE ke = oS |m 8 & 
° o |o0 > wa & ] 

P.ct.| P.et.| P.ct. .|, Pek) Pret) Pek et. 
472 | Marley. Md_-_-_--.. SPris@itc. Sa ee 0.39 | 0.49 | 4.96 12.10 7.74 | 2.23 | 4.40 
141 | Davidsonville,Md} Wheat -....--...- 5.23 | .00} .23 30.82 |20.92 |11.21 | 23.78 
987 | Hagerstown, Md -| Grass -.-__-..-.--- 12.88 | .00| .08 10. 94 119.02 | 4.67 | 51.7% 
16 | Lititz, Pa_........| Cigar wrapper, | 6.85 | .06/ .40 11.45 |30.55 |10.35 | 36.30 

abana type. : 
1254 Poqucnock,Conn-.}| Cigar wrapper, | 2.13 | 3.22 | 7.53 50} 5.92) .78) 2.53 

Sumatra type. | 
759 | Granville Co..N.C.| Bright tobacco ..| 2.12 | 3.09 | 7.16 16.76 |13.17 | 8.24} 4.80 
652 | Lynchburg, Va_--| Shipping tobacco} 9.88 | .35 | 1.37 10.79 | 6.70 | 4.62 | 45.84 

1317 | Virginia City, -| Upland loess----- 5.7L | .6b| 68 7.68 61.85 | 9.60 | 15.15 
1803 | Ogallala, Ne r----| Plains marl... 2.98 | .00] .00 76.58 12.93 | 1.31) 4.22 

Norer.—tThe first three samples in the table represent the texture of typical soils of the Atlan- 
tic Coast States adapted to truck, wheat, and grass. Their agricultural value and adaptation 
to crops are largely dependent upon the relative proportion of the different grades of sand and 
clay, as this determines the relation of the soils to water. Soils differ greatly, however, in 
structure or in the arrangement of the soil grains, and as this changes their relation to water 
the texture is not always a guide to their agricultural value. The texture, together with a 
record of the moisture content, indicates very clearly the class of crops to which these soils are 
adapted. The same remarks apply to the four types of tobacco soil shown in the table. The 
loess soils are characterized by a large content of silt. These likewise differ in structure, and 
this affects their agricultural value. The plains marl of western Kansas and Nebraska is char- 
acterized by a large percentage of very fine sand. 

The following table gives the weight of a cubic foot of soil under different 
degrees of compactness, together with the amount of space in these soils, and the 
per cent of water in the saturated soil when all the space is filled with water: 

Weight of | Waterin1 | Weight of 
| Per cent by| 1 cubic foot | ewbie foot of| 1 eubie foot gist: 
volume of of water- saturated |ofsoil, when Bedic. anes 

space. free soil soil saturated qeeateeEee 
(pounds). (pounds). (pounds). , 

35 107.5 21.8 123.3 16.9 
40 99.2 25.0 24.2 20.1 
45 90.6 28.1 118.7 22.4 
50 82.7 31.2 113.9 21.4 
55 74.4 34.3 198.7 31.5 
60 665.2 37.4 103.6 36.1 
65 58.1 40.6 83.7 41.2 

4 
: 
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The specific gravity of upland arable soils varies but little and may be assumed 
to be about 2.65 to 2.70; the former is used by the Department of Agriculture for 
the mineral constituents of arable soils. The amount of space, therefore, in a cubic 
foot of such soil is determined by the compactness, or close arrangement, of the 
soil grains, Asa rule, coarse, sandy soils are the most compact and contain the 
least amount of intergranular space, rarely containing less than 35 per cent 
of space, however. The amount of space appears larger, as the grains are large 
and each individual space is larger, but the aggregate amount of space is less. 
Clay soils usually contain considerably more space than sandy soils, going as high 
as 60 or 65 per cent in common arable clay lands. The weight of a cubic foot of 
dry soil in its natural condition is given, approximately, in the second column for 
several conditions of compactness. The weight of water contained in the soil, if 
all the space is completely filled with it, is given in the third column. Arable 
soils in good condition for crops rarely contain more than from 380 to 60 per cent 
of the saturating quantity. The total weight of a cubic foot of saturated soil and 
the percentages are given in the fourth and fifth columns. 

EDUCATIONAL INSTITUTIONS IN THE UNITED STATES HAVING 
COURSES IN AGRICULTURE. 

State or Terri- 
tory. Name of institution. Location. President. 

Alabama.-....-- Agricultural and Mechanical College-| Auburn.........- W.1L. Broun. 
State Normal and Industrial School-| Normal --....---- W.H. Councill. 

Arizona-......-- University of Arizona --....-- ee SAULGSON-ea saneoes Howard Billman. 
ArkEansas ------- Arkansas Industrial University---..-| Fayetteville ----- J.L. Buchanan. 
California ------ College of Agr’ture of the University-| Berkeley--..-.--- M. Kellogg. 
Colorado -------- The State Agricultural College ---...- Fort Collins-..... Alston hits. 
Connecticut ._..| Storrs Agricultural College -_.......- Storrs sco seeoss B.F. Koons. 
Delaware ..----- Delaware Gallege—... 222-2 ce sean Wewark... 22... G. A. Harter. 

State College for Colored Students_-| Dover --..-.---.-- W.C. Jason. 
Wigrida: ..-3..--. State Agriculturaland Mech. College.| Lake City--..---- O. Clute. ; 

Florida State Normal School..-_..---- Tallahassee -....-. T. De S. Tucker. 
@eorgia:.......- College of Agr’tureand Mech. Arts.-}| Athens--.......-- H.C. White. 

State Industrial College __......_..... @olleresss 22 2e-s R.R. Wright. 
WMS oot Sacto w College of Agr’ture of the University-| Moscow ---...---- F.B. Gault. 
i College of Agr’ture of the University.| Urbana --....-..- A.S. Draper. 
dnGiana = -....-- School of Agriculture, Horticulture, | Lafayette.......- J,H, Smart. 

and Veterinary Science of Purdue 
University. 

oS College of Agr’ture and Mech. Arts..-| Ames -......--.-- W.-M. Beardshear. 
Oo Kansas State Agricultural College__-| Manhattan ---..- Geo. T. Fairchild. 
Kentucky----.-- Agricultural and Mechanical College-| Lexington ---..-- J.K. Patterson. 

State Normal School..............---- Frankfort ---.-... J.H. Jackson. 
Fuouisiansa ......- State University and Agricultural | Baton Rouge..--- T.D. Boyd. 

and Mechanical College. : 
Southern University and Agricul- | New Orleans -..-.| H. A. Hill. 

tural and Mechanical College. 
MAING =... ~'.--==- The Maine State College ---.-----.---- ORnOHOr eee ceeee A. W. Harris. 
Maryland-_......| Maryland Agricultural College------- College Park. ---- R. W. Silvester. 
Massachusetts-.-| Massachusetts os ate College -| Amherst --..-.-.- H. H. Goodell 
Michigan ....... Michigan Agricultural College-.----- Agricultural Col-| J. L. Snyder. 

ege. 
Minnesota -....-.- College of Agriculture of the Univ-_--}| Minneapolis --.--- Cyrus Northrop. 
Mississippi---.-. Agricultural and Mechanical College_| Agricultural Col-| S.D. Lee. 

ege. 
Alcorn Agr’tural and Mech. College.| Westside --..----- E. H. Triplett. 

MEeSOUL --.. ...- College of Agriculture and Mechanic | Columbia ----.---- Richard H. Jesse. 
Arts of the University. 

Tancoindasticwte: 2.57. - 2a Jefferson City -..| I. E. Page. 
Montana........| College of Agr’ture and Mech. Arts..}| Bozeman... .--- James Reid. 
Nebraska ..--.... Industrial College of the University-| Lincoln -_-._--... G. E. MacLean. 
Wevyada _.___._.. School of Agriculture of University.| Reno --.-..-.------ J.E. Stubbs. 
New Hampshire} College of Agriculture and the Me- | Durhai - ........| CO. 8S. Murkland. 

chanic Arts. 
New Jersey----- Rutgers Scientific School..........-.- New Brunswick.| Austin Scott. 
New Mexico ....| College of Agr’ture and Mech. Arts.-} Mesilla Park----. C. T. Jordan. 
New York -.....-. Corneil University:-—:..-~....2-Xecn. eee ds, 2622 S2 =e J.G.Schurman. 
North Carolina.| College of Agr’ture and Mech. Arts.-.| Raleigh --..---..- A. 2. Holladay. 
North Dakota -..| North Dakota Agricultural College..| Fargo -.-.---.--- J.H. Worst. 
MONG. =~ Side Ohio State University -.-..--...-....- Columbus..-.-..-- J.H. Canfield. 
Oklahoma -..... Agricultural and Mechanical College.| Stillwater ------- G. E. Morrow. 
Oregon ....-.... Oregon State Agricultural College.._| Corvallis...--.--- H.B. Miller. 
Pennsylvania...| Pennsylvania State College__......... State College -...| George W. Atherton. 
Rhode Island ...| College of Agr’ture and Mech. Arts..| Kingston ---..-.-- J.H. Washburn. 
South Carolina -| Clemson Agricultural College -...-.-- Clemson College.| E. B. Craighead. 

College of Agr’ture and Mechanics’ | Orangeburg --.--. L. M. Dunton. 

South Dakota ..| South Dakota Agricultural College..| Brookings -.......| J. W. Heston. | 
Tennessee -....-. State Agr’tural and Mech. College-...| Knoxville...--.--- | C. W. Dabney, jr. 
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EDUCATIONAL INSTITUTIONS IN THE UNITED STATES HAVING 
COURSES IN AGRICULTURE—Continued. 

pinto erri- Name of institution. | Location. | President. 

oR At se State Agr’tural and Mech. College...) College Station_-| .S. Ross. 
Prairie View State Normal School...| Prairie View----- L. C. Anderson. 

ir a Agricultural College of Utah-_...--.- Toren 6 assess J.M. Tanner. 
Vermont State gia tala College of the Uni-| Burlington .....- M. H. Buckkam. 

versity. 
Ss frhigegh se igen & page Agr’tural and Mechanical College -.-| Blacksburg --..-.. J.M. McBryde. 

ae ee Normal and Agricultural | Hampton -_..___- H.B.Frissell. 
nstitute. 

Washington ----| Agric. College and School of Science-| Pullman -_..--_.. E. A. Bryan. 
West Virginia-- est Virginia University -..........- Morgantown ---..| J. L. Goodknight. 

The West Virginia Colored Institute.| Farm -_........-- J.H. Hill. 
Wisconsin -....- College of Agr’ture of the University.| Madison -___._.-- C.K. Adams. 
Wyoming---.....| College of Agr’ture of the University.| Laramie --..------ F.P. Graves. 

AGRICULTURAL EXPERIMENT STATIONS IN THE UNITED STATES, 
THEIR LOCATION, DIRECTORS, AND PRINCIPAL LINES OF 
WORK. 

————7 

Lines of work in addition to chemistry, 
Station. Director. horticulture, and field experiments. 

Alabama (College), Auburn ----- | Wi. Broun=-.-- Botany; fertilizer analysis; diseases of 
plants; pig feeding. 

Alabama (Canebrake), Union- | H. Benton---.----- Diseases of animals. 
town. 

Arizona. THCSOR 2A os so seeces woos W..8; Devol._..2_2 Entomology; forestry; irrigation. 
Arkansas, Fayetteville---....-.-- R. L. Bennett ...--| Analysis of foods and feeding stuffs; dis- 

: eases of plants: diseases of animals. 
California, Berkeley --....-------- E. W. Hilgard--.-| Botany; meteorology; physics and chemis- 

try of soils; composition and cultivation 
of grapes and orchard fruits (especially 
olives); chemistry of foods and feeding 
stuffs; entomology; technology, drainage, 
ae irrigation; reclamation of alkali 
ands. 

Colorado, Fort Collins...... ....=- Alston Ellis --..-- sg a botany; entomology; irriga- 
ion. 

Connecticut (State), New Haven) S. W.Johnson-.-.--| Analysis and inspection of fertilizers and 
foods; chemistry of feeding stuffs; chem- 
istry of milk and its products; diseases of 
plants; pot experiments with organic 
nitrogen. 

Connecticut (Storrs), Storrs--.--- W. O. Atwater--.-| Chemistry of feeding stuffs and food of man; 
digestion experiments; dietary studies; 
bacteriology of milk and its products; 
dairying. 

Delaware, Newark..-....-------- AOR Neale... 22a0- Diseases of plants; entomology; feeding ex- 
periments; dairying; diseases of animals. 

Hiorida, Take Oty —u-- 2-2 es... OrCintens 52 -se5 Entomology. 
Georgia, Experiment --.-....--..-- R. J. Redding ----| Dairying. 
Idaho WMostow o22s-220- sees es F.B. Gault ......-| Botany; entomology; soilsand water; drain- 

age and irrigation. 
SUNG ee CoVls Bi @ ivel ac: 1: renee oh Oe ae E. Davenport-.-.-| Bacteriology; forestry; diseases of plants; 

entomology; feeding experiments; dairy- 
ing. 

Indiana, Lafayette --....----_---- C.S-Plamip === == Pot and field experiments; feeding experi- 
ments; diseases of animals. 

oN, ANON =. oe oases ons e--2 2 5sce5 C.F: Curtiss’. -.2: Diseases of plants; entomology; feeding 
experiments; dairying. : 

Kansas, Manhattan ......-------- G.T. Fairchild ...| Diseases of plants; entomology; feeding 
experiments; diseases of animals; irrl- 
ation. 

Kentucky, Lexington......-.....| M.A.Scovell-_..-. Soils; fertilizer analysis; diseases of plants; 
entomology; dairying. ; : 

Louisiana (Sugar), New Orleans.| W.C. Stubbs-_-_-- Bacteriology; soils: sugar making; drain- 
age and irrigation. : 

Louisiana (State), Baton Rouge-})----- do\.. eee Botany; bacteriology; geology; soils; ento- 
mology; feeding experiments. _ 

Louisiana (North), Calhoun -----}-_--- (So eee eS Soils; feeding experiments; dairying, 
Maine, OnTOHOer fe e~ s-senne sa C. D. Woods--.--- Diseases of plants; food and nutrition of 

men and animals; diseases of animals; 
dairying. ‘ 

Maryland, College Park----.--...- sealer): eae Soils; entomology; feeding experiments. 
Massachusetts, Amherst_--_-._-- H. H. Goodell ._..| Analysis and control of fertilizers; diges- 

tion and feeding experiments; meteorol- 
ogy; diseases of plants; entomology; dis- 
eases of animals. 
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AGRICULTURAL EXPERIMENT STATIONS IN THE UNITED 
STATES, THEIR LOCATION, DIRECTORS, ETC.—Continued. 

Lines of work in addition to chemistry, 
Station. Director. ~ | horticulture, and field experiments. 

Michigan, Agricultural College--| C.D.Smith---..-- Botany; bacteriology; forestry; diseases of 
Laeteen entomology; feeding experiments; 
iseases of animals; dairying. 

Minnesota, St. Anthony Park.-...| W.M.Liggett....| Plant diseases; entomology; feeding and 
breeding experiments; diseases of ani- 
mals; dairying. 

Mississippi, Agricultural Col- | S.M. Tracy --.-.-- Botany; soils; entomology; digestion and 
lege. feeding experiments; diseases of animals; 
: * drainage and irrigation. 

Missouri, Columbia ----...---.---- H.J. Waters ----- Diseases of plants; entomology; feeding 
experiments; drainage. 

Montana, Bozeman-.=--.-.=--<<.- S.M. Emery -..-.- Diseases of plants; feeding experiments; 
diseases of animals; irrigation. 

Nebraska, Lincoln .:-.......----- G.E. MacLean ---| Botany; meteorology; forestry; feeding 
and breeding experiments; diseases of 
animals. 

Nava HOO. ..2-. --.-.------20 J.E. Stubbs --.--- Botany; soils; entomology; irrigation. 
New Hampshire, Durham ------- C.S. Murkland-.-- Heeding. experiments; diseases of animals; 

airying. 
Ree sey (State), New Bruns- | E.B. Voorhees ---| Analysis and control of fertilizers; dairy- 

wick. ing. 
New Jersey (College), New |----- dOte22 2 ee Ls Botany; diseases of plants; entomology; 
Brunswick. diseases of animals. 

New Mexico, Mesilla Park---.... €: 0 Jordan 2=:--< Botany; diseases of plants; entomology; 
feeding experiments. 

New York (State), Geneva ---.-- W.H. Jordan ---. Meteorology; analysis and control of ferti- 
lizers; diseases of plants; feeding experi- 
ments; poultry experiments; dairying. 

New York (Cornell), Ithaca --_-_--. fiP Roberts's... Soils: fertilizer investigations; diseases of 
plants; entomology; feeding experiments; 

: poultry a eo cy dairying. 
North Carolina, Raleigh ---__---- HB: Battle. -..-- Analysis and control of fertilizers; seed 

testing; composition of feeding stuffs; 
a hapa experiments; poultry experi- 
ments. 

North Dakota, Fargo J.H. Worst --....- Diseases of plants; feeding experiments. 
Ges. W OOStOr==.< ~~ -=--=s-4c-- C.E. Thorne -...- Soils; diseases of plants; entomology; breed- 

ing and feeding experiments. 
Oklahoma, Stillwater --....--..-- G. E. Morrow -...| Soils and waters; feeding experiments; 

entomology. 
@reron, Corvallis =--- --..-=-..-.- He. Miller 3. -- Soils; diseases of plants; entomology; feed- 

i ing experiments; dairying. 
Pennsylvania, State College----- H.P. Armsby --.-| Meteorology; fertilizer analysis; feeding 

2 experiments; dairying. 
Rhode Island, Kingston---...._--- €.0. Blagg -..-... Fertilizer experiments; diseases of plants. 
South Carolina, Clemson Ccllege_| E. B. Craighead -- sop analysis and control of fertilizers; 

airying. 
South Dakota, Brookings--.-....-- J.H.Shepard --..| Soils; diseases of plants; forestry. 
Tennessee, Knoxville --.-..---..- C.F. Vanderford_| Botany; entomology. 
Texas, College Station --.......-- Jett Connell = 3-2: Diseases of plants; entomology; feeding 

experiments; diseases of animals. 
Mitahyloran)-..- =... ....4.5---- Mitioster 22% J. Feeding experiments; poultry; irrigation. 
Vermont, Burlington -.........-- Cea hs i Se Analysis and control of fertilizers; diseases 

of plants; entomology; feeding experi- 
re : ments; diseases of animals; dairying. 

Virginia, Blacksburg. .-....-------- J.M.McBryde---| Diseases of plants; feeding experiments; 
, diseases of animals; entomology. 

Washington, Pullman..--.-_..-..- E.A. Bryan .....- Soils; forestry; feeding experiments. 
West Virginia, Morgantown-.--- J.A. Myers. --...- Meteorology; analysis and control of fer- 

A ; tilizers; entomology. 
Wisconsin, Madison --...--....-.-- W.A. Henry --..- Soils; ee experiments (pigs and sheep); 

diseases of animals; dairying; drainage 
and irrigation. 

Wyoming, Laramie .-.-............ IF. P. Graves-....- Geology; botany; waters; soils; entomol- 
ogy; foodanalyses; feeding experiments; 
irrigation. 

FEEDING STUFFS (FOR ANIMALS). 

EXPLANATIONS OF TERMS USED IN THE TABLE. 

Water.—All feeding stuffs contain water. The amount varies from 8 to 15 
pounds per 100 pounds of such dry materials as hay, straw, or grain to 80 pounds 
in silage and 90 pounds in some roots. 
Ash is what is left when the combustible part of a feeding stuff is burned away. 

it consists chiefly of lime, magnesia, potash, soda, iron, chlorine, and carbonic, 
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sulphuric, and phosphoric acids, and is used largely in making bones. Part of the 
ash constituents of the food is therefore stored up in the animal's body; the rest is 
voided in the manure. 

Protein (or nitrogenous materials) is the name of a group of materials contain- 
ing nitrogen. Protein furnishes the materials for the lean flesh, blood, skin, 
muscles, tendons, nerves, hair, horns, wool, and the casein and albumin of milk, 
eic., and is one of the most important constituents of feeding stuffs. 

Fiber.— Fiber, sometimes called cellulose, is the framework of plants, and is, as 
a rule, the most indigestible constituent of feeding stuffs. Thecoarse fodders, such 
pom pr straw, contain a much larger proportion of fiber than the grains, oil 
cakes, etc. 

Witrogen-free extract includes starch, sugar gums, and the like, and forms an 
important part of all feeding stuffs, but especially of most grains. The nitrogen- 
free extract and fiber are usually classed together under the name of carbohy- 
drates. The carbohydrates form the largest part of all vegetable foods. They 
are either stored up as fat or burned in the body to produce heat and energy. 

Fat, or the materials dissolved from a feeding stuff by ether, is an impure prod- 
uct, and includes, besides real fats, wax, the green coloring matter of plants, etc. 
The fat of food is either stored up in the body as fat or burned to furnish heat and 
energy. 

fe Average composition of American feeding stuffs. 

: Base : Nitro- 
Feeding stuff. Water.| Ash. tin Fiber. | gen-free| Fat. 

: extract. 

GREEN FODDER. 
Per ct.| Per ct.| Per ct.| Per ct. Per ct. | Per Dy 

Corn fodder, all varieties....... nn ee 79.3 1.2 1.8 5. 12.2 5 
(pe es ee oe ee ee ee RS 76.6 1.8 2.6 11.6 6.8 -6 
Gat todder 23.2255. > 5 ss osobs ae es 62.2 2.5 3.4 11.2 19.3 1.4 
Redtop (Agrostis vulgaris) 1 in bloom-.-_--..---- 65.3 2.3 2.8 11.0 150% ae 
Tall oat grass (Arrhenatierum avenaceum)?__..| 69.5 2.0 2.4 9.4 15.8 2g 
Orchard grass (Dactylis glomerata) .-.--.-------- 73.0 2.0 2.6 8.2 13.3 9 
Meadow fescue (Festuca pratensis) ---..--.---.-- 69.9 1.8 2.4 10.8 14.3 -8 
Italian rye grass (Lolium italicum) ----.-------- 73.2 2.5 8.1 6.8 13.3 13 
Timothy (Phleum pratense)*._.....--..---------- 61.6 2.1 3.1 11.8 20.2 L.2 
Kentucky blue grass (Poa pratensis) 4 : 65.1 2.8 4.1 9.1 17.6 L3 
Hungarian grass (Setaria) ..-.-...--.----- 6 ee LY 3.1 9.2 14.2 ey 
Red clover (Trifolium pratense)--.-.---.--- 70.8 RB. 4.4 8.1 13.5 5 | 
Alsike clover (Trifolium hybridum) §__---- -| 74.8 2.0 3.9 7.4 11.0 -9 
Crimson clover (Trifolium incarnatum) -.------ 80.9 1% 3.1 5.2 8.4 ae 
Alfalfa (Medicago sume y ©: 252 Sos os enctanan-- 71.8 2.7 4.8 7.4 12.3 1.0 
Serradella (Orntthopus sativus) ...-..------------ 79.5 3.2 Pe 5.4 8.6 yf 
SOW DOD sss wae choco ee ee a ee 83.6 ibys 2.4 4.8 tau «4 
Soja bean (Soja hispida) .._.... =.<-.--...------<- 75.1 2.6 4.0 6.7 10.6 1.0 
Haerse bean (ects aoa) 622 oes 84.2 1.2 2.8 4.9 6.5 -4 
Flat pea (Lathyrus sylvestris) .-.--.--.----------- 66.7 2.9 8.7 7.9 12.2 1.6 
RATIO «sos aaa beeen ace eae as eee Geb ere eae 84.5 2.0 2.3 2.6 8.4 -5 

SILAGE. 

ienn NUnp eer oo 2 eesti 2s eset ee 79.1 1.4 17 6.0 11.0 0.8 
decmrotmisrasiiaos oe). Abe ee le 72.0 2.6 4.2 8.4 11.6 1.2 
Soja-bean silage ---.---.--- + BU SEER EN ees ee 74.2 2.8 4.1 9.7 6.9 2.2 
Cowpen-visie milage = 232528 o2 -2-e aso Sue cee 79.3 2.9 2.7 6.0 7.6 1.5 

HAY AND DRY COARSE FODDER. 

Corn fodder, tele eured,-2 99-5 22 eo 42.2 oon 4.5 14.3 34.7 1.6 
Corn leawes fel? enred, 2255... 2-0 22.2 o.oo 30.0 5.5 6.0 21.4 35.7 1.4 
Cara husks; Meta eumeds 0225-8 26) - oss sl cce 50.9 1.8 2.5 15.8 28.3 ay 
Corn Stover, © fleld cured: 222 lt 2 Le 40.5 3.4 3.8 19.7 31.5 5 
Bay from— 

aetna oe see ee Se A Se ee 8.9 5.2 7.9 28.6 47.5 a°9 
Mrchatteerass 255-3 ees = 9.9 6.0 8.1 82.4 41.0 2.6 
erin egress 8c). 2 ist SS eee 13.2 4.4 5.9 29.0 45.0 2.5 
Kontucky bine: prass .....-..--.------s.-L.=- 21.2 6.3 7.8 23.0 37.8 3.9 
PRR HORT TAG PARS Ses oe = een ee eee To% 6.0 7.5 i 49.0 2.1 
DMCA Gyr POREIC See os a es ci 20.0 6.8 7.0 25.9 38.4 2.7 
(Ue bag (el ates 2 cee a ne ee 8.5 6.9 wap 890.5 45.0 1.7 
Mixed grasses ope eee ee 15:3 5/5 7.4 27.2 42.1 2.5 
Rowen (mixed)? -_..------ 5 16.6 6.8 11.6 22.5 39.4 3.1 
Mixed grasses and clovers-- ee es i) 5.5 10.1 27.6 41.3 2.6 
Ried clover 2055 Sas See eo 15.3 6.2 12.3 24.8 38.1 3.3 
ISike ClOVEr=_2- 1a eee eee Oe a A 9.7 8.3 12.8 25.6 40.7 2.9 

1 Hera’s grass of Pennsylvania. 6 Lucern. 
2 Meadow oat grass. 7 Entire plant. 
3 Herd’s grass of New England and New York. 8 What is left after the ears are harvested. 
4 June grass. ® Second cut of hay. 
5 Swedish clover. 
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Average composition of American feeding stuffs—Continued, 

ee : Nitro- 
Feeding stuff. |Water.| Ash. dein Fiber. aos Fat. 

. extract. 

HAY AND DRY COARSE FODDER—continued. Per ct.| Per ct.| Per ct.| Per ct.| Per ct. | Per ct. 
Hay from—Continued. 

White clover (Trifolium repens)..-.--------- 9.7 8.3 15.7 24.1 39.3 2.9 
MEME IGRKDIOW O98 an ooo ens annin 5 oem 9.6 8.6 15.2 27.2 86.6 2.8 
Japan clover (Lespedeza striata)-_..---.--.--- 11.0 8.5 13.8 24.0 39.0 3.7 
CRE en re ren qm annem ce aos 11.3 7.9 17.0 25.4 36.1 2.3 
a Se eee ee 9.2 7.2 15.2 21.6 44.2 6.2 
DOM as oo Sains 3 nen acn op seaemuscee: elon. 8.4 7.4 14.3 25.0 42.7 2.2 
naa 2 ne es Se AS a paceman 10.7 7.5 16.6 20.1 42.2 2.9 
0 UES ga acelin gy SE rae ae a 11.3 7.2 15.4 22.3 38.6 5.2 
fs {SD ce es ee eee SEs Bees Ee 8.4 G9) 29) 26.2 81.4 3.2 
Peanut vines (without nuis)----.----------.- 7.6 10.8 10.7 23.6 42.7 4.6 

SUS LES i hh a eae 10.1 5.8 4.6 40. 4 37.4 ay 
So) Sc Letina ee ee eee 9.2 8.7 8.8 37.6 34.3 1.4 
AO Sarin Guieip oe ie ea ee ee eee 9.6 4.2 3.4 38.1 43. 4 3 
DARE Nc a ee ee ere Seer tok 3.2 3.0 38.9 46.6 1.2 
(OUD STATA, Ss ene ee ee ee ee ee 9.2 5.1 4.0 37.0 42.4 23 
PPUIRURM RISEN ANT ta on cies manny 9.9 5.5 5.2 43.0 35.1 1.3 

ROOTS AND TUBERS. 
JS 20 2 i eee 86.5 9 1.8 9 9.8 a | 
WOREMUIEC Ros os ne ee ee 90.9 1.1 1.4 9 5.5 2 
CHS DOP CDRS eee ee ee 88.6 1.2 1.2 1.3 7.5 2 
Te ere at ete ee oe SC aaace senses 88.6 1.0 Lsal 1.3 7.6 4 
eet ticra freee 82S AR 2 ss See ae 79.5 1.0 2.6 8 15.9 2 

GRAINS AND OTHER SEEDS. 

10.9 5 10.5 2.1 69.6 5.4 
10.9 2.4 12.4 2.7 69.8 1.8 
11.0 3.0 11.8 9.5 59.7 5.0 
11.6 1.9 10.6 Le 72.5 RY ( 
10.5 1.8 11.9 1.8 71.9 2.1 
8.6 2.6 16.3 29.9 21.4 21.2 

Cotton seed (whole, with hulls) .-.......-.------- 9.9 4.7 19.4 22.6 23.9 19.5 
Peanut kernels (without hulls)-............------ for 2.4 27.9 7.0 15.6 89.6 
Boh EES SS ie A Se eels aera oe ae 11.3 3.8 26.6 7.2 50.1 1.0 
LoL Peat A eee eee Sees eae ere 10.8 eT 34.0 4.8 28.8 16.9 
Cowpea ---. ba ote 14.8 3.2 20.8 4.1 55.7 1.4 

MILL PRODUCTS. 
2 EE be A SS ee ee eee ee 15.0 1.4 9.2 1.9 68.7 3.8 
oS TOs ace ar a a Sa 35:1 1.5 8.5 6.6 64.8 3.5 
0 2 Tl oi ee ee oe See ee: eee 7.9 2.0 14.7 9 67.4 TL 
bo UL DS SE aS Se, 5 ae 11.9 2.6 10.5 6.5 66.3 2.2 
(2. 19) =. 2 Eee a a ae 10.5 2.6 20.2 14.4 51.1 1.2 

WASTE PRODUCTS. 

MIEN RUUESIAD Ooo 58s st eli ewes aanmalnin se Ton 3.7 16.0 6.1 59.4 71 
Barley screenings, average _-......--.--.-------- 2.2 3.6 12.3 7.3 61.8 2.8 
We IprOGin: SvCrage).. 2. -_ 22... 5-2 o-- 10.2 5.7 23.2 10.7 48.5 cy 
Peers) eames (Web) >... os- ---5-.2 5. 75.7 1.0 5.4 3.8 12.5 1.6 
Beers’ grains (dried) 22: --..---...----4--2<<--- 8.2 3.6 19.9 11.0 51.7 5.6 
| Hn = Se ee eee a eee eee 11.6 3.6 14.7 3.5 63.8 2.8 
ee aes ee 11.9 5.8 15.4 9.0 53.9 4.0 

EMERINTINIeEETIS 8 5 5 oe ee see eb} 12.1 3.3 15.6 4.6 60. 4 4.0 
RBRLIONRRY <2. 5 ee ee, 11.8 4.6 14.9 7.4 56.8 4.5 
0 eT ea ee eee eee 11.6 2.9 2.5 4.9 65.1 3.0 
0 aie So eee eS ee ee eee 9.7 10.0 12.1 9.5 49.9 8.8 
oe EE ee ee een er eee 8.2} 13.2 8.6] 35.7 38.6 a | 
0 EL ee ee ee See eee 10.0 6.7 ay 6.3 58.0 7.3 
Baemmhoeatmmiddlings...-:....... ae... ...2-..-n6-<- 13.2 4.8 28.9 4.1 41.9 | fe 
oo Re ae ae eee oa 8.5 7.0 43.3 5.4 22.3 13.5 
ROP CRE MRED fo cae ar wccp cde aacecumascacose 11.4 2.7 4.2 45.3 34.2 2.2 
Lanseed meal (old process) ..-.....---...-...-.---- 9.2 5.7] 32.9 8.9 35. 4 7.9 
Linseed meal (new process) ....--.-..--..-..-.--- 10.1 5.8 33.2 9.5 88.4 3.0 
Re ITICMOD oon eat cs cp taeen ant | 1007 4.9 47.6 5.1 23.7 8.0 
J piss) [OSes RE eee ee ees See 9.0 3.4 6.6 64.3 15.1 1.6 
aS a a eee e eee Se pane 11.1 2.5 9.8 3.8 64.5 8.3 

Refuse from cornstarch factories, 

0 Sit. eS ee oe ae hy es Pe 10.7 4.0 9.8 4.1 64.0 7.4 
ee aS oe ee i Se 8.1 1.3 it,1 9.9 62.5 : oa | 
Gluten meal: 
0 A SO ee ee 8.8 8 29.7 2.2 49.8 8.7 
ESS Ope Ee aR Me 8.2 9 29.3 3.3 46.5 11.8 
LS I 6 ea Sas ee eae eee 10.1 5 AB 30. 1 1.6 48.7 8.4 
RS eel ee. eae eee 8.2 8 23.3 6.1 50. 4 11.2 

2 AE SS a ea ees eee 8.1 1% 36.1 1.3 89.0 14.8 
Jo bi ee eS eee Se ee ere 7.8 11 24.0 5.3 51.2 10.6 
CD eS SS EL eae as Ree Sa ae Py | 9 22.8 7.6 52.7 6.9 
Glucose feed and glucose refuse__-.......------.- 6.5 Tt 20.7 4.5 56.8 10.4 
Dried-starch feed and sugar feed........-..-.--- 10.9 9 19.7 4.7 54.8 9.0 
Beapettoed (wot) 2:0. 222 ct teens | 65.4 8 6.1 8.1 22.0 3.1 

1 Lucern. 
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DIGESTIBILITY OF FEEDING STUFFS. 

The preceding tables give the total amounts of nutrients found by analysis in 
different feeding stuffs. Only a portion of these amounts is of direct use to the 
animal, that is, that digested. The rest passes through the animal and is excreted 
as manure. The amounts of the different food constituents of feeding stuffs 
digested have been determined by careful experiments on different classes of ani- 
mals. The results thus obtained in American experiments have been used in cal- 
culating the amounts of digestible protein, fat, and carbohydrates contained in 
100 pounds of different feeding stufis shown in the table below. These are the 
figures which must be consulted in determining the food value of a given material 
and in selecting feeding stuffs for making up a ration. oat 
Calorie.—The last column of the table, headed *‘ Fuel value,” indicates the value 

of the food for producing heat for the body and energy for the work. It is stated | 
in calories, a calorie being the amount of heat required to raise the temperature of 
a pound of water 4° F, 

Dry matter and digestible food ingredients in 100 pounds of feeding stuffs. 

: Dry tof Carbo- Fuel Feeding stuff. aunties: Protein. pee Fat. walue 

Green fodder: Pounds. | Pounds. Pounds. | Pounds. \Calories. 
SONG OT! . pace ab namaananws aapups nae a 20.7 1.10 12.08 0.37 26, 076 
EOS C1 a eS eee eae eee 23.4 2. 14.11 44 81, 914 
EA TG CS a a es Se eee eee 37.8 2. 69 22. 66 1.04 51, 624 
ediODp, ait DIOOM = ~~ 25a co ban oon ee 34.7 2.06 21.24 -58 45, 785 
Orchard grass, in bloom .....-...-=-.--.....- 27.0 1.91 15. 91 .58 35, 593 
Meadow fescue, in bloom.----.-...------------ 30.1 1.49 16.78 42 34, 755 
MGIHGENY © n=. .ck at paCaseeo Roan nee et eae 88.4 2.28 23. 71 Ay itp 51,591 
COTINIGiy: DIO GTHRS 4-5. . 525. bce se oo 34.9 3.01 19. 83 83 , 985 
Ponparinn ernes =o) 5 3:2.) eee os ee 23.9 1.92 15. 68 36 34, 162 
ee CIS VER = 20 5 oo eR ON 2 eee ee 29.2 3.07 14. 82 . 69 36, 187 
FINA CIOY OF ooo ca sone. en be cee eos eease 19.3 2.16 9.31 «44 23,191 
eNO OT yi ee RS a Se ee ee eee 28.2 3. 89 11.20 -41 29,798 
SOO W DER cenece ch eee oe ce see ORR ence a eee 16.4 1. 68 8.08 . 2d 19, 209 
DOE DCHH - -- 80 te ke wete- poe cose es ceoaeee 28.5 2.79 11. 82 - 63 29, 833 

CORR IO cee ee nn ne See ee eee 20.9 0.56 11.79 0.65 25, 714 
Corn toager. field cured =... 22 sss ese i 57.8 2.45 33.38 1.15 71, 554 
Gorn stover, fleld cured °°...) --i2 3. -- 2.225. 59.5 1.98 33.16 by 67, 768 
Hay from— 

SeChnER OTARS* fo ooo. tec kee cane dn eee 90.1 4.78 41.99 1,40 92, 900 
UE eee ee it ee ee ee 91.1 4. §2 46. 83 - 99 100, 078 
LE 7 RS EE 8 ee eens 86.8 2.89 43. 72 1.43 92, 729 : 
racks bine grass. 2. 5326 78.8 4.76 87.33 1.95 86,516 ' 
PignParian Prag 2.2); loco asccctacsadet ee ese $2.3 4.50 51. 67 1.34 110, 131 . 
PEC CHCUG lL. 2 222 ee ne ae ee Se 80.0 4.20 43. 34 1.73 95, 725 e 
EE pS Ee ce ee ee 87.1 4.22 43. 26 1.33 93, 925 9 
Beawen (mixed) <0) .22- 020 22L.seres iiss els= 83.4 7.19 41.20 1.43 96, 040 
Mixed grasses and clover........-...---.---- 87.1 6.16 42.71 1.46 97,059 \ 
TInt 2, ees ee a eee | 84.7 6.58 35.35 1.66 84, 995 : 
ee ie a eae ee ee 90.3 8.15 41.70 1.36 98, 460 
BRED Ce Re a Se ee es 90.3 11. 46 41.82 1.48 105, 346 
Srrainod PlOPOT ono eee ec ook ete cee 91.4 10. 49 38.13 1.29 95,877 | 
Aifaifa 22. Suit ae 91.6 10. 58 37.33 1.38 94, 935 
Cowpea... ase 89.3 10.79 38. 40 1.51 97,865 
Soe eR ee oe a ee 88.7 10.78 33. 72 1,54 98, 568 

ESR RU RONOY, 5 oy me eee Pe 90.4 - 80 37.94 -46 73, 998 
LP Tuy iitee ye ee ee eS eee eee 92.9 74 42.71 3d 82, 294 
ODE SATO Re ao eh ESS Ee ee 90.8 1.58 41.63 «74 83, 493 
S UPS SEIT Se eee eS ee eS es eee eee §9.9 2.30 39. 98 1.08 82, 987 
Roots and tubers: ; 

Lif PEt ete ee Se eee oe eee te 21.1 1.27 15.59 | 2ocoteeee 31, 360 
Sep hd [i ES eee ee eee ee 13.0 1.21 8.84 05 18, Wt 
BL PERe ies he Se eS 9.1 1.03 5.65 eat 12, 888 
Greist Sani deh oe eS 9.5 81 6.46 -11 13, 986 
BTUbA-WAPRHA 8 feo a wae Since Sa-~ ace satas 11.4 . 88 7.74 pelt 16,497 
Reg ti) to Poe Soom sh hd ee ee, ae ee 11.4 81 7.83 22 15, 999 

Grains and other seeds: 
Corn (dent and fmt) 2222-4 223 -..-_=---- 89.1 7.92 66. 69 4.28 156, 836 

BATIGY Coon aoe eee ea eee eee = eno 89.1 8. 69 64. 83 1.60 148, 499 

EP ea ae, Ges ek eo ee 89.0 9.25 48.34 4.18 1A, 757 

ap eee a a ee ee eee 88.4 9.12 69.73 1.36 152, 409 

SLE) Oe pe ROS OE 8 eer 89.5 10.23 69.21 1.68 154, 848 

Gothen Sead (whole) 22-2--22--2------=--=--- 89.7 11. 08 33.13 18, 44 160, 047 

j, Soa NES oe ae Sh Sele ED oe A es 85.0 7.01 65.20 3.25 | 148,026 
Corn and cob meal ----.--.----------- Pinte sae 84.9 6.46 56. 28 2. 87 128, 808 

brie ee eee ee ae eo 92.1 11.53 52. 66 5.93 143, 302 

Barley meal 22-2 ---232+2s2---5-- == --= = ===> 88.1 7.36 62. 88 1.961 138,818 

1 Corn fodder is entire plant, usually sown thick. 
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SANS 

Dry matier and digestible food ingredients in 100 pounds of feeding stuffs—Cont’d. 

———— 

aaa es Dry Ros Carbo- Fuel Feeding stuff. Santon Protein. hydrates. Fat. See. 

Mill products—Continued. Pounds. | Pounds.| Pounds. | Pounds. | Calories. 
Ground corn and oats, equal parts_-..---..- 88.1 7.39 61.20 3. 72 148, 276 
mranOnle vee... pe con. wa eda owe ees aac 89.5 16.77 51.78 65 130, 246 

Waste products: ; 
Gluten feed --.. 92.2 20. 40 43.75 8.59 155, 569 
Gluten meal--. 91.2 25.49 42.32 10.88 169, 930 
Hominy chops- 88.9 7.45 55. 24 6.81 145, 342 
WRUISDUGUUS = —-~ ono asans- 222m --- ~~ | 89.8 18. 72 43.50 1.16 , 624 
rowers: prains (wet) ----s------_...--.--..- | 24.3 4.00 9.37 1.38 30, 692 
fiecwers erains (dried) -\2-.22:-....--.2---- 91.1 14.73 36. 69 4,82 115, 814 
[vi lin = a Se eee } 88.4 11. 45 50. 28 1.96} 123, 
UULEET CN C1 ES 11S Gea ae 88.5 12.61 41. 23 2.87 111, 138 
Miiea timid dlingsoe a. <2 22- Seo. on sso es 84.0 12.79 53.15 3.40 | 136,996 
“Tn b7 STG rer ER Se ee Se Ae 88.2 12. 22 49.98 3.83 131, 853 
DD Ui Rowdigs © 1 Dae. | RS ae ae a ee ee | 91.8 37.01 16.52 12.58 152, 653 
Mion Hocd Mums ee. scant nose cusses ane | 88.9 42 30.95 1.69 65, 480 
Linseed meal (old process) ------------------ 90.8 28.76 |, 82. 81 7.06 144, 313 
Linseed meal (new process) ----------------- | 89.8 27.89 36. 36 2.73 131, 026 
LE 2 UL Te SS Se ee eee 89.3 42, 94 22. 82 6. 86 151, 263 

Milk andits by-products: 
OTTER eee | 12.8 3 48 4.97 3.70 80, 866 
Skim milk— : 

Cream raised by setting ----------.------ 9.6 3.13 4. 69 .83 18, 048 
Cream raised by separator _------------- 9.4 2. 94 5.24 .29 16, 439 

(Eo Gigi il Ce Se te ee eee 9.9 3. 87 4.00 1.06 37, 685 
he Peseta eon eae Sasess= 6.6 84 4.74 ol 11, 687 

. 

FEEDING STANDARDS, 

Attempts have been made to ascertain the food requirements of various kinds 
of farm animals under different conditions. From the results of experiments, 
feeding standards have been worked out which show the amounts of digestible 
protein, fat, and carbohydrates supposed to be best adapted to different animals 
when kept for different purposes. The feeding standards of Wolff, a German, 
have been most widely used. They are as follows: 

Wolff’s feeding standards. 

A.—PER DAY AND PER 1,000 POUNDS LIVE WEIGHT. 

Ki ‘4 f * 1 Total Fuel ind of animal, organic 
matter. | Protein Oe OnY: Fat value. 

. S Pounds. | Pounds. | Pounds. | Pounds. | Calories. 
Sieur ORD in Stall. 25. 2-2-0 ccu-- ae oo cu~ eee 17.5 0.7 8.0 0.15 16, 815 
Wool sheep, coarser breeds.-.......-.......--..-- 20.0 1.2 10.3 20 22, 235 
Wool sheep, finer breeds. --.--. ----.............- 22. 1.5 11.4 25 25, 050 
Oxzenimoderately worked... ---.-. 22... -.-.-- 24.0 1.6 11.3 . 30 24, 260 
Gaenheaviry worked -.-....:-.. .<.-..2.:..---: 26.0 2.4 13.2 .50 81, 126 
Horses moderately worked -_.....--..........---- 22.5 1.8 11.2 . 60 26. 712 
erses neavyily worked ...----..--..-.:--.:-.-.-- 25.5 2.8 13.4 . 80 83, 508 
Lo ey he i SE SE RE is op eee eee ceed 24.0 2.5 12.5 40 29, 598 
Fattening steers: 
MTU tcl 5 ta ora a ie we ae 27.0 2.5 15.0 50 34, 660 
PeBMRDEIO ono: foo. -. nce stow caneen ee sake 26.0 3.0 14.8 .70 86, O62 
eNO TNO ooo Seep aio om ee anne coon e bee 25.0 2.7 14.8 . 60 35, 082 

Fattening sheep: 
Pimepmoriod ..-- 2... 5. -.-- EPS AER Pe olin ye 26.0 8.0 15.2 .50 85, 962 
RemaenOIG) no8 28 = 2B ke 8 2 ele 25.0 3.5 14, 4 | . 60 35, 826 

Fattening swine: 
Ue Tv fi DO Ee ee od ee 36.0 5.0 27.5 60, 45@ 
MeeOuG Period ~..2222-_...\..-.---.- Set ae 51.0 4.0 24.0 52, 086 
SRUMPEIONEC Sc 2 Ne cand a ones on oon eee eee 23.5 2.7 17.5 37, 57@ 

12 A95 39 
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Wolff's feeding standerds—Continued. 

B.—PER DAY AND PER HEAD. 

Average] motal Digestible food materials. 
a : live F Fuel 
Kind of animal. P organic z weight -. | Carbohy- value, per head. matter. | Protein. | “Giates. Fat. 

Growing cattle: ‘ thee 

Age— Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Calories. 
2 tod: months...-=5-----. ws-- 150 3.3 0.6 2.1 0.30) 5, 116 
3 to @ months. -....----- ee ee 369 7.0 1.0 4.1 .80 | (0, 750 
6 ta i montitsis. 2. Sat ee 500 12.0 1.3 6.8 -30 6,.832 
1? to 28 months... - . --~.ss.=--- 700 16.8 14 $.1 28 20,712 
18 to-St monthsu2s- ~.- 242 8 850 20. 4 1.4 10.3 26 | = .22,859 

Growing sheep: 3 
Age— ~ 

5 to G@months. sx -- --a2-v ate 56 1.6 18 87 045 | 2,143 
Gta Simeon thse acs.. ---- sae 67 1 17 85 040 2,086 
8 to If months._._...-.- = 75 1.7 16 . 8 037 2,035 
11 to I5 months- ---.---- Sc 82 1.8 14 . 89 OBZ | 2,051 
15 tor20 monthay.cc- ~-- =~ 221=- 85 1.9 12 83 025: 1,966 

oy tom fat swine: } : 
Age— 

2 60 TROD bikes 5-50-06 aen ena 50 2.1 38 1.50 8, 496 
3 to 5 months 100 3.4 50 2.50 5,580 
pipe GOD tue. ---- aeons 125 3.9 b+ 2. 96 6,510 
Gt eanOntnS as 22. se seo | 170 4.6 .58 3.47 7,533 
8 to 12 months... __--- oa 4 | 250 5.2 62 4. 05 8, 686 

CALCULATION OF RATIONS. 

In order to explain the use of the preceding tables, let us calculate the daily 
ration for a cow, assuming that the farmer has on hand clover hay, corn silage, 
corn meal, and wheat bran. Wolff’s standard for a cow of 1,000 pounds calls for 
2.5 pounds of protein, 12.5 pounds of carbohydrates, and 0.4 pound of fat, which 
would furnish 29,590 calories of heat. From the table showing the amounts 
of digestible nutrients we find that 100 pounds of clover hay furnishes 84.7 
pounds of dry matter, 6.58 pounds of protein, 35.35 pounds of carbohydrates, 
and 1.66 pounds of fat, equivalent to a fuel value of 84,995 calories. Twelve 
pounds would have 10.16 pounds of dry matter, containing 0.79 pound of protein, 
4,24 pounds of carbohydrates, and 0.20 pound of fat, and giving a fuel value of 
10,199 calories. In the same way the amounts furnished by 20 pounds of corn 
silage, 4 pounds of corn meal, and 4 poundsof wheat bran are found. The results 
would be as given in the following table: 

Method of calculating ration for dairy eow. 

Total | Digesti- Digesti- 

ati ble car- | Digesti- Ration. dr ble pro- balk y- | ble fat. pigtioe: tein. deates: 

Pounds. | Pounds. | Pounds. | Pownds. 
12 pounds of clover hay....-...--...-------------- 10.16 0.79 4. 24 0.20 
20-pounds of corn silage. -_-----.--.-.-------.-.---- 4.18 Ail 2.36 -13 
4pounds of corn méal_...... .----------- 4-2-2----- 3. 40 28 2. 6L 13 | 
4 pounds of wheat bram ......----.------.-------- 3. 54 48 1.65 aE 

CLBYES at ala eee ic ko aia pee i ee Boe ee 21.28 1. 66 10. 86 57 
Sanh So Ober C.F oe res oo renee 24. 00 2.50 12. 50 40: 

This ration is below the standard, especially in protein. To furnish the protein 
needed without increasing the other nutrients too much, a feeding stuff quite rich 
in protein is needed. The addition of 4 pounds of gluten feed would make the 
ration as shown in the following table: 

Completed ration for dairy cow. 

: - | Digesti- Total | Digesti- bl Di » ; 
Ration. ar ble pro-| Ple.car- | Digesti-| Fuel 

ae + ae bohy- | ble fat. | value. 

$$ —f EE eee 

12 pounds clover hay, 20 peunds corn silage, 4 | Pounds. | Pounds. | Pounds. | Pounds. | Calories. 
pounds corn meal, and 4 pounds wheat bran-- 21.28 1.66 10. 86 0.57 25, T09 

A pounds pintbenteed a: - sso <nen cane eee ase e eo ane 3. 69 . 82 1.75 oF 6, 223 

Ta ae bee! - hs SEs OA ee RR IS 24.97 2. 48 12.61 | OL | 31, 932 



CALCULATION OF RATIONS. Gil 

This ration, it will be seen, contains somewhat more carbohydrates and fat than 
the standard calls for, but is close enough to the standard for practical purposes, 
The calculation may be considerably simplified, without impairing accuracy, by 
considering only the protein and thefuelvalue. For example, suppose the farmer 
feeds his cows dry corn fodder (not stover), good timothy hay (herd’s grass), and 
a grain mixture composed of equal parts of corn meal, wheat bran, and gluten 
meal, aration might be made from these as follows: 

Ration per cow daily. 

j Dry saree Fuel Ration. aration Protein. watne 

Pounds. | Pounds. | Calories. 
Do SOT URSEV TA crea gl 1G 9 ee ee 8.68 0.30 9, 273 
EMMI, COMM OO GOT. oss. 523 aetna kh Sas oe oo neon ne eeee 5.78 +20 7, 155 
PEMeESR GORD INGAL =o. s Sonn Ulesee co cua woken Swan de oe nnun desea oonene 3.40 -28 5, 921 
ce iS EEG 7 SE Ss ea a 3. 54 48 4, 446 
PETES AIEDO TI IN GHA fais re a aes cen none a eee on caes 3. 62 1.0 6, 797 

This ration is higher than the standard in fuel value, owing to richness of the 
materials in carbchydrates and fat, and slightly lower in protein. The substitu- 
tion of 1 pound of new-process linseed meal in place of 1 pound of the corn meal 
would give 0.21 pound more protein, which would make the ration contain 2.54 
pounds of protein. 

FERTILIZING CONSTITUENTS OF FERDING STUFFS AND FARM 
; PRODUCTS. 

fs Phos- 
Material. Water. | Ash. | Nitro | phoric | Potash. 

gen. acid. 

aes TESS 
SRE ENO ERE Per cent.| Per cent.| Per cent.| Per cent.|Per cent. 

IMREERTRSIoN eo oe nn ine a menne cee 78.61 4,84 0.41 0.15 0.33 
EEE RUMI cn ee nn ammceenes Bester ee S282 23 .09 23 
1 STE So gen pa eee era Pal | ee RE 33 15 -%3 
SUG as eed ie ee Ra ea pce 83.2 1.31 49 18 .38 
0 ESD UE = ee eae ey ae [eda |e) eee ea eer 61 19 - 41 
i otegttrivi i | tS (Rae ip Fare eee Cie UNS  nepe tae eme 53 20 on 
nearing grass (Sefaria)---.-...-.---1-..------- Ti bed Sal pepe espe er 39 16 . 55 
Orchard grass (Dactylis glomerata)1_.....--.---- 73.14 2.09 43 .16 %S8 
Timothy grass (Phlewum pratense)!.__...._---.--- 65. 90 2.15 48 26 5 
Perennial rye grass (Lolium perenne)! __......-- 75. 20 2.60 47 28 1.19 
Italian rye grass (Lolium itaticuni)1_......._...- 74. 85 2. 84 . 54 29 1.14 
EX OEPRSUECO STOSSCS ..2--- cou c= =- as iwetae---- 63.12 3.27 91 23 Ay) 
Red clover (Trifolium pratense)_.....--....-..--- Ne caret, eee . 53 13 46 

; White clover (Trifolium repens) ....-.-.-.-..----- STOO ete cee 56 20 24 
Alsike clover (Trifolium hybridum) -......-..---- 81.80 1.47 44 il 20 
Crimson clover (Trifolium incarnatuni) ......--- Ca eae 43 18 Pe ] 
Alfalfa (Medicago sativa) ........2.------20-0---- 75.80 2.25 12 .13 56 
ET 4 al a a hi a Sea ee A 78.81 1.47 2 .10 BL 

Serradella (Ornithopus sativus) --.--.-.--......-- 82.59 1.82 41 4} 42 
Sepa bean (word hispida)... 0-225. osenenace-=-- PEL Ui ae .29 van 53 
Uaoree beam (Vicia Abd). -- i262 sen eee --- ORT ae ers sos - 68 83 1.37 

ite lupine (Lupinus albus) .......----..------- (At See 44 . OF 1.78 
Yellow lupine (Lupinusluteus)1_.......--....---- 83.15 | - 96 51 11 wo 

‘at pea (Lathyrus sylvestris) 1 ..-......-...---.-- 71. 60 1.98 1.13 18 53 
Common vetch (Vicia sativa)!......._......--..- &4. 50 1. 94 . 59 1.39 -70 
Prickly comfrey (Symphytum asperrimunt) .-.-.-- 84. 36 2.45 42 spk! 15 
RINE RSS hon oS out aj tawotecsce Seaccne useee CK og 4 ee ee BS 28 Al 37 
PIN POMACO SAGO 2S... . 2 skskwaw a= oskebe ces 75.00 if 32 15 40 

WAY AND DRY COARSE FODDERS. | 

Corn fodder (with ears) ..... a atx sa iste Bd asbae oe 7.85 4.91 1.76 «54 - 89 
Corn stover (without ears). -.-.....-.-.-.....---- 9.12 3.74 1.04 29 1.40 
Teosinte (Huchleend luxurians)......-.-..--..---- 6.08 6.53 1.46 5D 3.70 
RRETINEEM Oboe sac con. 2 cee nce ne ccee ena tecee UR G34 Se aS 1.28 49 1.69 
Cisse) eet) eee i ea ee eee 10, 45 5. 80 1.11 40 1,22 
ee a CT a a ee 7.69 6.18 1.20 35 1,30 
Mey OL 7AEOG PTASSORS. so. sone n caso cee eneuense 11. 99 6. 34 1.41 2 1.55 
Mowen of taixed grasses...... 2... ..2.ees----- 18. 52 9.57 1.61 43 1.49 
Redtop (Agrostis vulgaris) .........-...-----+----- Gath 4.59 1.15 6 1.02 
i agi 3 ae BE ae Sa pe een Spe Be ee 7.62 4.93 1.26 .53 -# 
PICO TTS oe oe cca oR owes Sed pwn cdeeee 8.84 6.42 1.31 41 1.88 

1 Dietrich and Kénig: Zusammensetzung und Verdaulichkeit der Futterimittel. 
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FERTILIZING CONSTITUENTS OF FEEDING STUFFS AND FARM 
PRODUCTS—Continued. 

- Phos- 
Material. Water. | Ash. Nitro- et Potash. 

Ben: acid. 
| 

HAY AND DRY COARSE FODDERS—continued. 
: Per cent.|Per cent.|Per cent. |Per cent.|Per cent. 

Kentucky blue grass (Poa pratensis) .........--- 10.35 4.16 aa 0. 40 1.57 
Meadow fescue (Festuca pratensis) .-....-------- 8.89 8.08 -99 .40 2.10 
Tall meadow oat grass (Arrhenatherum avena- 

CeUnv) -.. .--- $NE RF sn os SoS se see tees 15.55 4.92 1.16 .32 L2 
Meadow foxtail (Alopecurus pratensis) ......---. 15.35 5, 24 1.54 44 1.99 
IPAPCR TINT VOI RU ORS aan eee eee ee ene 9.13 6.79 1.28 56 1.55 
Vigan ty OC PPASS. 2 soe cere na scs te eae spe Rear Eeeeee (i (ee ae 1.19 56 1.27 
Japanese buckwihest--......-2-2--csa=sseas= ceca 6. tet |bsasee cee 1.63 85 3.32 
Gd ClO Veboc ia oases eee eee 11.38 6.93 2.07 .38 2.20 
Mammoth red clover (Zrifoliwm medium) --...-- 11. 41 8.72 2.2 oD 1.22 
WIED. CLOVER bo ta tenn oa oe eee See ee ee een eee 2.75 .52 1.81 
(CEIMSONIGLOVER 2.55 se ee So cee ein soe ae ee 18. 30 7.70 2.05 40 1.31 
Alsike clover .......... OS SOE a are eae 9. 94 ah a ht 2.34 67 2.23 
TNE a ee apt eg IE aa tes cont PE heat Se ee 6.55 7.07 2.19 bl 1.68 
Blue melilot (Melilotus cerulews)_....-.-----.---. 8.22 13. 65 1,92 . o4 2.80 
Bokhara clover (Melilotus alba) ......-----.---.-- 7.43 7.70 1.98 . 56 1. 83 
Sainfoin (Onobrychis sativa) ..-..---.------------- 12.17 7.65 2.63 16 2.02 
Sulla (Hedysarum coronariun) --.-----.----------- DBO UE ta Se 2.46 45 2.09 
PETS TG CR ON eg AE, eee ee ie | 11.52 8.23 2.10 59 1.81 
Soja bean (whole plant) .--.--------------------.- 6.30 6.47 2.32 . 67 1.08 
Boia pean! (Straw) .-2o-3 os 2e5 de Se eee 13300 | s<22 esse 1.75 -40 1.32 
Gowpes (whole plant) ....-2--<-2-2s-2--222-2 22-2 | 10.95 8. 40 1.95 .52 1.47 
PITTI UR a eae anak Seana anna oa eee ee 7.39 10. 60 2.7 78 .65 
Cotton (whole pias’) mumsawaedacdsas Scanann siamese 7.86 5.81 1.46 «44 1.82 
Oxeye daisy (Chrysanthemum leucanthemum) --- 9.65 6.37 28 44 1.25 
PCR O USO DS ce oe een 9.76 12. 52 3.13 61 4.88 
Barley SLERW wa connor see sed eee ena ease eS Soe ee 11. 44 5.30 1.31 30 2.09 
Barley Chait soe 2 hee a coe ee eee ee 1S08)|2 eevee 1.01 20 .99 
Wiest SETAW =o che. on. cae ceeuteat eae sec a eee 12. 56 3.81 .59 12 51 
Wiest chatt se 25.3 e ees ok oe eee 8.05 7.18 As .70 42 
RE BET W oes er ce eae Seen ae ee eee 7.61 3.25 - 46 28 79 
Ghee riba ree deo nae ee | 9.09 4.76 .62 20 1.24 
Buckwheat hulls 22222 ee | TY 00 Weecocectcs 49 .O7 52 

ROOTS, BULBS, TUBERS, ETC. | 

PotstOOS. Jan. neces ance nch to = Sanaencsaseeeee eee 79.24 .89 32 12 46 
GH pects. 9~) ooo. eeenee. sacee Cee eee 87.73 1.13 24 .09 44 
Nellow fodder becisrs: 50... 5 ae eee 90. 60 -95 .19 . 09 46 
Sugar hects 085.06. 2302 -ace: oe ese ee 86. 95 1. 04 22 -10 -48 
Mancel-wurcels |<. ne2 = nce pose ase ee oe eee 87.29 1. 22 -19 -09 .38 
ParnipS = 2 205 ooo 2e asad occas ae cna ee eae ee 89. 49 1.01 .18 -10 -39 
ate -DAPEN o.oo 25. face ocean ee tee ooh ene eee 89.13 1.06 .19 12 -49 
arrats ss. ooo} ooose Sees cote see eee eee eee 89.79 9. 22 1b . 09 -51 

GRAINS AND OTHER SEEDS. 

“EG ine Slice are (cl |: Re ee ee i opera pep ae ee ip gee SPR 10. 88 1.53 1.82 -70 .40 
arora BOGE oo. cne tee os oes sees Solas wesc oaks 12/00) 2 oa eee 1.48 .81 42 
[ot Ce a ee ee ee 14. 30 2. 48 1, bs 79 48 
COT es aa ST ES 2 Sie een ee 18.17 2.98 2. 06 . 82 .62- 
WRLCA RTT ING hose ae cee ona aca he as 14. 35 1.57 2.36 .70 39 
eat C wae) been anaes oc tem 4 Wal eee ee 2.36 .89 61 
g 2 a eal ES AT a A). se Re a REY 1 ht (eee RES ° 1.76 . 82 4 
Gommon Wileb-oo.cs eee ccse cease a ees seeds Hoesen PROG aero aan 2. O4 . 85 36 
PIGBANERO PMN Ob coe sees eee een econ snk eo 13) 680) 22522 1.73 - 69 38 
LE ep a er cr 12. 60 . 82 1.08 .18 09 
IBmeWiCAb ws. sen ocee ceo e rans posnesc5 aS Ath peer 1.44 4A -21 
Ripe GANS ee oe a een ete ae oan wee wean 18. 33 4.99 5. 30 1.87 1.99 
CSTR itai ts ets 6 ee ee eee 8.42 3.78 3.13 1.27 1.17 

| 

MILL PRODUCTS. | 

Cornnneal Senso eee so oe een ome ua ate seo stena- 12. 95 1.41 1.58 . 63 40 
Morn sn COO THOM feet eae a nan ns a aee mone | | See ee 1.41 Aig AT 
Ground Oats oo os sons eee oa edenicnne 11.17 3.37 1.86 ay ir 59 
Ground barley. oo tee es 2 13. 43 2.06 1.55 - 66 3h 
Ryo dlour Gore. 5 o2c ges ae eo ee eS See cence a a 110 eee eet 1.68 - 85 . 65 
RWG t NOME. oo. 3. 2 eee oo ee as ance 9.83 1.22 2.21 Sys 54 
Tern rrrver We eee 8 eee en co eee 8.85 2. 68 3. 08 82 -99 

BY-PRODUCTS AND WASTE MATERIALS. 

COTRCODS Fee ee ees oe eee 12.09 §2 50 06 . 60 
AE Coeisban lie cs PE SASS ee eee ee eee 8.93 2.21 1.63 - 98 -49 

Gluten: mealies Serer Se ee he 8s. oa 8.59 .73 5. 03 .33 -05 

Starch feed (glucose refuse) --.-.---------------- S10 sk 2. 62 .29 «15 

1 Dietrich and K6nig. 
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FERTILIZING CONSTITUENTS OF FEEDING STUFFS AND FARM 
PRODUCTS—Continued. 

5 . Phos- 
Material. Water. Ash. SEDO; phoric | Potash. 

: Ben. acid. 

BY-PRODUCTS AND WASTE MATERIALS—cont’d. 

Per cent.|Per cent. |Per cent. |Per cent. |Per cent. 
NEM eEDLOM Us temncear nae ahaa S lo ee- seh asses ckenoe ; 18.38 12.48 3.55 .43 al: 
Peers bans (GrY)) -—0.-50- -scee en asac none anne 9.14 3. 92 3. 62 1.03 . 09 
BEOWOrsuerains (Web) —2....--.----- 22. 2=------ MONOD e222 222k 53 89 -3l -05 
Lega Gb oh a aes So oe eee A eae 12.50 4.60 2. 82 2.28 1.40 
Li 7 eS neh igh GINS 2 Seaplane ole ea 12. 54 3.52 1.84 1.26 81 

oe Lip [AAD Sa Re ee ee eee 11.74 6.25 2.67 2.89 1.61 
“Eup TERIA CDG oY ef UB et SP eas ae es ore A eee se 9.18 2.30 2.63 .95 .63 
Don ATT a) oes eee BR SE ies ee een ae eee 10. 20 12.94 Hal .29 24 
POPE TCU DS. es eee ae eee oe See 10.30 9.00 1.97 2.67 aval 
Dec UNE FigistS/2ra3 Lys Co) (I A, eee, ae 7.81 6.95 6.79 2.88 . 87 
(Pages: (air tt Ee ee ee ee eee 10.17 2.40 . 69 2 1.02 
Banseed meal (old process) -.--.-..-.--.-.----..<-- 8.88 6.08 5.43 1.66 1.37 
Linseed meal (mew process) -----------------.----- Le iwe 5.37 5.78 1.83 1.39 
Eras EMR ONO AM Ef oe a. — nen, none sone se ee ae 10. 40 3.97 7.56 1.31 1.50 
Jk. WAS) TeTGY EC 3 Ae ee eee ae ene eee | 80.50 Ze 23 02 13 

VEGETABLES. 

WATS ASLO 2S ee ee es EN aS | 81.50 99 .36 ay, 48 
EDS PUT SITE TCs Oe gn | 93. 96 . 67 . 29 .08 29 
Dbl, Oi eit fe Coe Ee ee 15. 86 3.53 3.29 .95 eae 
Hoo, G02. ar ee ae eat ee one eee 88. 47 1.04 24 2.09 2 44 
PWS? 2.2 eS eee 2 eee ee eee 90. 52 1,40 38 2 11 2.43 
TDG . 2S Re a 2 Spee eee oe 88.59 1.02 .16 .09 .5L 
(UGE ee ee ee 90. 82 .81 13 .16 -36 
LTDA DETS Tl] oYe vfs ee a eae ret es ee 78.90 1.09 1.92 .19 64 
LORE | aa. a rr a ean pe ee Sea 95.99 46 16 mAb 24 
en Te STOO b 2 aa 2 nk ae be eee Shee Se 76. 68 1.87 36 07 1.16 
LD TI RTi a0 2.5 a eS Se ee ee 91.08 1.27 48 20 -B 
MEMEO WGLO Plant—e.c22-- ofc 2. . 55-5 42032-25522 93. 68 1.61 23 2.07 2 37 
LS oe eh ee ae eee 87.55 57 14 . O4 .10 
Dit: 2. 66. ee ee ee 80. 34 1.03 22 19 62 
eas: 

CE SEES CITT 2 5 SS a Rs ee, Oe eee een mre 12. 62 3.11 3.58 84 1.01 
Small (Lathyrus sativus), whole plant ------- 5.80 5. $4 2.50 59 1.99 

Bampkinsewholo-fruit...\.---2..----—----t-2-----~ 92. 27 . 63 cera 2 16 2 09 
Rhubarb: 

Th OUD no ee eee eee Se ee 74.35 2.28 55 06 253 
Peer etyose = eeu k es cee ee 91. 67 1.72 13 02 .38 

Ruta-bagas -..... Sea pee Oe Se _ ees se ct 88. 61 tF15 -19 12 -49 
“IS Vo... SS ar ey a ee ene 92. 42 1.94 .49 16 7) 
Sweet corn: 

CEUDS 2. SSR ee oa 80.10 -59 21 .05 Bh, 
LUC GIGS. A Se RS es eee ee ee 86.19 56 18 .07 13 
Uo ani 22S Se BE Se eee a ee ee eres 82.14 56 46 07 -2 
CSTE ed ey ee 80. 86 1.25 28 14 4 

Sweet potatoes: 
CSTR Liat ea eee ee Se ae 72.96 95 2 .10 -50 
LG'S) Wf. ee Re eee, See ee eee 83. 06 2.45 -42 07 -73 

Tomatoes: 
LEA TRG _ Se ee ee aed ee 93. 64 47 16 05 73 
2 DSi: cost ee ee eine fc) Sere 73.31 11. 72 24. 06 -29 
fic: . 2 7 Gee Se Se i ele aes Se See aera es 83.61 3.00 2 07 -50 

COTO to. 5 ee eee Lea anes 90. 46 80 18 10 -39 

FRUITS AND NUTS. 

Apple leaves : 
Snel Ith MAY. 2. 28 ee ioe ewes 72.36 25 -25 
Collected in September...........-.----..---- 60.7 .19 -39 

BRIE CEC ERIN wos so sk eS as ea nS owen 85. 30 01 19 
Apple trees (young): 

PERICLES ete. SE es ee a REO ee 83. 60 . 04 
Lint Lo Ree ee ee ae ae 64.7 11 .09 
0 Fi os) ee ao ee eee Sern oa & 51.7 06 - 06 
Whole plant wt 69. 83 05 PY 

2 A a a aoe Oe ee eae 85.16 06 -29 
US 2553 bis Us ea a a BS re a 88. 91 09 -20 
Blueberries---._--. Bets te Se 82. 69 05 -0 
Cherries, fruit-.._- 86.10 1.06 1,20 
Cherry trees (young): | 

Branches 79.50 05 - 06 
Roots ---- 67.20 08 -07 
Trunks ~~ 53.20 O4 - 06 

China berries 16. 42 43 2.33 
Cranberries: 

Lie ch | a oes A ee a ee ee ee ee 89.59 2a thy [alone repo 03 .09 
“ite @ Un Ee See Sea eas NER PE fr ae | 1g |e pee ena | 27 -82 

1 Dietrich and Konig. 2 Wolff. 
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FERTILIZING CONSTITUENTS OF FEEDING STUFFS AND FARM 
PRODUCTS—Continued. 

= Phos- 
Material. Water. | Ash. N sare. phoric | Potash. 

5 acid. 
—EEEEee 

FRUITS AND NUTS—ccntinued. 
Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 

AGT PANES cc et oo oe ase Se een een nae 86. 02 Sy eee Se 0.1 
Grapes, fruits, fresh .... 83. CO 50 0.16 -09 
Wrances; WOOMlOr vanes ee Ae Es eee hence ees A (ol (eee = -42 67 
emens..: 5... 5s . 83.83 56 15 - 06 27 
Nectarings £22 —--- 5 25-2 Sage nee 79. GO 50 V2..|. -. Sete 

ives: 
oy gt bh ee ee oe ROE A. AN, eerepee 5 Se EIT Se 58. 00 1.42 -18 12 . 86 
[sea VER nt = 3 ce on ee pad 2.40 2.51 -91 25 . 76 
Wood of larger branches. ~~. =----=. 44+. --=- 14.60 94 -88 Be 18 
Wood ofpmall branches 2:22. &2--<2-o2-E-..-2 8.75 96 89 .12 ans 

Oranges: 
aloe -—.. -t And na 4s ao a emeon §5. 21 42 -19 .05 oa 
NG at. a Re, Sat aie Te es ee Bid Hecaaeas sal 12 .08 48 

Peaches: 
Lig i. eC ee al eee ae ee ae Sm 87.85 Se Lacasete - 05 7! 
WPOOCIOT Ta HCnes 22 —) oe oo ba ee 58. 26 1.93 .90 ~22 -69 

PTs TP is 2 Oe oe Se a ea ones 83. 92 .99 . 08 . 68 
Pear trees (young): ; 

PANGHES on. 45k panos antenna pAb 84.00 340) |---.6eneu= . 04 08 
Penis ee ee Kt ee eee 68.70 g Ua yp Mae Se, 2 - 07 ok 
MBPT at Koy San on ee ee ee 49. 30 a Dc emery .O7 13 

Ly SEU ee Se DS eee oe eee ee ee 47.43 54 .18 . 02 24 
ToS Thales they es ae See Se ee ee et 77.38 49 | -16 .07 -3l 
io Sey 0) arpgy te See ee SEMA eprint eyo eee 81.82 5d 15 48 .30 
Strawberries: | 

(rar: Sie. Goa den bo conn ee eee ae 90. 84 .60 5 Pa i oO 
Wines tio... tess eee ee {iota ets | S5De | 23s eee -48 35 

Whestnith, Native). es. - 5. - ose buns aee eae | 40. 00 1. 62 1.18 .39 . 63 
Peanuts: 

iu ligiee. ooo bd eo eee 10. 60 5.00 1.14 ak . $5 
Roar n@Rt =). Sian. bike Ss eee |. ee 3.20 4.51 1.24 1.27 
Wines (Gured) :- 5. 26.52. bso cane eae 7.83 | 15. 70 1.76 29 - 98 

DAIRY PRODUCTS. 

WhHGlo Thee sees ode eo saeeac aa aw anak ace an 87.00 75 53 .19 .18 
TET TeLS + (a0) eae RN MEENA. OEE eee ty Wee Re be 90. 25 80 56 -20 .19 
OSE Te ah So eine Oe 2 SEARED SE EY ee ist Og ER 74.05 - 50 40 15 
BR hLGTINe soe ken tek! ae ar eee 99, 50 .70 «48 oy 16 
ACh pee Ss es ICP RS OT. tO Rae Bes eee 92.97 - 60 «15 14 .18 
reer 450 Oo a oe ee eee 7 15 12 04, . 04 
OLS Se RO S O RRS SA ae eee aS eS 83. 25 2.10 3.93 . 60 12 

woopbs. 

Dee WOON fe. © 8b eae ea Sat eS ee ho Sea: | 10.00 | 2 
Chestnut: | 

Oli | Se eee Sy SERN et 5, beeen 10. 00 
VO See ee eee oe ued oae ease 10. 00 

Dogwood: 
SARI eee Pte ee eee eee ee cae 10.00 
WGOG Bee 2522 ee oe seis oes Jeon oscuk, 10. 60 

Hickory: 
Rear ee) Se eee ee gots oh 10.00 
Mrayhoia.: Op sie ee coe Leet a <p ae ee SY 10.00 

Magnolia: | P 
REE ir per es eee Rag ee be ae coe 10.60 
hE Ti pe eat i aes 2 oa ae SN eee. 10. 00 

MNLTHCr MRR a ee ee ee ee ee ee 10. 60 
Oak: 

PiGaVER TOIOG ono e = a. | aed ca eee oe eae se eee 
Epo Oy eo oS ie one arenes “eee nmer eter S 10.00 
Dai WwOOM cored one sowed paccscctscneae en op 19. 60 
free ihe von ee Se eee MB TE AS > 10. 60 
APAE SIR ote Me es EN a ee eee ees 10. 00 
MiG D oti d See © 4g SER TS eee 10. 60 
Witter OO a eae see ee Ee 10.00 

Pine: 
LE inl ne ee eae. Soe a8 ee (see . OF 
RIGOR E Dar eee ee eer yn a a | 10. 60 : ; » 
SCOTPIn DT VOOGR= =o =. area ee rece hans oe eaas 10. 00 ~o 2 
Octet arc e 22 oy Pe Se sae 10. 00 94 
Wid Hepes ty OO eas ee atee ne ee 10.00 le , ‘ 4 
Straw, mixed r =, | 
Yellow, wood . 00 Z 3 
Black, wood _.......-- ae i : : Ht J 

My CAMOLAS WwW OOM ae ene n eee eee aes ), B : p E 
| 

eilualaied 
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FERTILIZING CONSTITUENTS CONTAINED IN A CROP OF COTTON 
YIELDING 100 POUNDS OF LINT PER ACRE. 

[Pounds per acre. ] 

Material Nitro- | Shoric | Potash. | Lime. | Mas- a gen ae 2 < * | nesia 

TET ACIS crs 2) ee a 0. 76 0.43 1.06 0.53 0. 34 
Geesety (28) BOUMGS) 66° -  oL 2 = nen one 3.20 1.29 3.09 2.12 - 92 
eeaves Cian pOMnOn. — ~ 02 oL tole Rest 6.16 2.28 3.45 8.52 ¥. 67, 
Solid es a ee cere 3.43 1.30 2.44 69 Bb 
eaten oUnaS) =) <= At -- Sos Sees 6.82 2.77 2.55 .55 1.20 
AIR) POUNGS) <— 2 o- sanse oaicicde wees ceeaacesencee ot -10 46 19 08 

Total crop (847 pounds)----.-.-------------- 20.71 g.17| 18.08 | 12.60 | 4.75 

“ANALYSES OF FERTILIZERS. 
ees - ee 

Availa- | Insolu- 
a 1 + lh? Total : 

Re eetads Nitrogen. vlna mee phosphoric | Potash. | Chlorine. 

acid. | acid. — 

COMMERCIAL FERTILIZERS. | | 

1, Supplying nitrogen: Per cent. |Percent. Percent.| Percent. | Per cent. Per cent. 
Matrate OF peus —)--25.-...---|185 tol6 |=..-<--- [Sonat chal atranad Badoncss |e Geobe dena: eae 
Sulphate of ammonia ------- NWP GGi2OI5" |So23 2 255|te cee ts hoses ecce cs se fess a cee 
arrive: Cre aradey-=- 1 toda” | o.oo. cece dot Joc cede cee fec see {ae 3 ae 
Dried blood (low grade) -_--- NOee Gent) 9 |G-a ese ooo Ste bon be es ee eer, ny 
Concentrated tankage_....../11 to 12.5 |_.....--.|_--..---- Pek tsa cs eeaee }). CASE 
Takace (bone)....-.....--.- Bie EO Of ist Sede teens LW tole ie ee ees 
1 STS LES Soh eee ee Ch ee Gites) | ico ee 
Cotton-seed méal -......----- Ble toy vray ose oS 1.5to 2 Pte eee 
Castor pomace-.---- ees —— BY ON ie ene eee ee L- toy 2.6) | topds bse 

2. Supplying phosphoric acid: 
South Carolina rock phos- 
SE BRAC Perce ae parece [; SB SB rf 26) horBR . fetcii es Viera eae 

South Carolina rock super- j 
eo te (dissolved 
outh Carolina rock phos- 
Wate ype ae Bk ps ae ek east I7toNs |) Ptbe3i 1) 1S wte 1B) | eee es Li iia 
orida land rock phosphate-|.......-.----|---....-- S50O2SD: [633.0 FOSS 29nd ee 

Hlorida pebble phosphate ---|..._..--.----|-.-..-..- Bab Se| 20, BOON Ho ocean acleee eee 
Florida superphcsphate(dis- 
solved Florida phosphate) -|_.....---..-- 14to16 | 1lto 4/16 to20 
LUGS SS ee eee eee 32 t036 | 32 to 36 

leas argon! aa 15to17 | lto 2/17 to18 issolve Mepinein. -- sol ee ae. ks to) Oo 2 Oo 
Ground bone----------- -|2.5to 4.5 | 5to 8 | 1l5tol7T | 20 to 25 
Steamed bone-- -| Lito 2.5} 6to 9} 16to20 | 22 to29 
Dissolved bone- -|2 to 3 13to15 | 2t0 3] 15 toll 
cS ere eee ees Been ier 111. 4to 23 Lab 

8. Supplying potash: 
uriate of potash ----.-..- Soa Peo (SBReEe sce) Sao ET eee eee 50 45 to 4S 

Sulphate of potash (high 
ot) SS ee) pe Dee ee ee eee oo co cewaaet 48 to 52 -5to 1.5 

Sulphate of potash and mag- | | oe 7 ae 
en ene eee en eee ae ee ae ee ee eee 26 to .5to 
1S eee ee ee ee ee ee 12to12.5 [30 to 
(2 AL cacti eee Sere: SESE NER ee ee ey ello Sl | ee ne 16to20 {42 to46 
Cotton-hull ashes?_-..-...--- a TERS se 7 to-9 [WtoB! fF... -.-.- 
Wood ashes (unleached)?_- -| Seer eae ae Ses (Co era 1 to 2 BteeS tts. 
Deen TOr (IORGHOGGS = oi de ele 5 RG ES ea) Be OS Pe SS 
‘Tobacco stems _--.-........-- FE eal (ee tg ee late 3 to 6 Gt Bie ee 

FARM MANURES. | | 
Cattle excrement (solid, fresh) -- 2) |e es Re 17 pe eae e 
@attle urine (fresh) ...-..---...- BOD leauee ones 6 a Se (ie oa Oe 
Hen manure (fresh). .----------- ae (og eee eee Ss 85 56 |_ a 
Horse excrement (solid) -----... a sd ees 17 a eee no 
Horse urine (fresh) --....-....--- Uy eee || See eee 1 Yee 
Human excrement (solid).-....-. a1 ae ee 1.09 a BO otin Josecee 
Pieeier Wrine |. -.=-.-..--. ------ 4 ee ae Ry 4 “yO eee rege oe. 
Pigeon manure (dry)--.--.---.--- oh Re ae 2 oe ee 1.90 1; Ge eee 
Sheep excrement (solid, fresh) - Pasco | eee 31 0 |) ea 
Sheep urine (fresh) -..--.---.--- Le ee eee -O1 el (ere na 
Swine excrement (solid, fresh) - a UES te tS | AL cf Reese C~ 
Swine urine (fresh) -....--.----- Pra eee eel eee 07 a ee ee 
Barnyard manure (average) ---- lea aaa: | | ae ee 32 CS Pee oe 

1 In good Thomas slag at least 80 per cent of the phosphoric acid should be soluble in ammonium 
citrate, that is, availabie. 

2 Cotton-hull ashes contain about 10 per cent of lime, unleached wood ashes 30 to 35 per cent, 
and leached wood ashes 35 to 40 per cent. 
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BARNYARD MANURE. 

Barnyard manure contains all the fertilizing elements required by plants in 
forms that insure plentiful crops and permanent fertility to the soil. It not only 
enriches the soil with the nitrogen, phosphoric acid, and potash, which it contains, 
but it also renders the stored-up materials of the soil more available, improves the 
mechanical condition of the soil, makes it warmer, and enables it to retain more 
moisture or to draw it up from below. 
On the basis of the prices charged for commercial fertilizers, the fertilizing value 

of the manure produced by the farm animals of the United States last year was 
upward of §2,000,000,000. The average of each horse is estimated at $27, for each 
head of cattle $19, for each hog $12, and for each sheep $2. 

Amount and value of manure produced by different farm animals. 

[New York Cornell Experiment Station.] 
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Barnyard manure is a very variable substance, its composition and value depend- 
ing principally upon (1) age and kind of animal; (2) quantity and quality of food ; 
(3) proportion of litter; and, (4) method of management and age of manure. 
Mature animals, neither gaining nor losing weight, excrete practically all the 

fertilizing constituents consumed in the food. Growing animals and milch cows 
excrete from 50to 75 per cent of the fertilizing constituents of the food; fattening 
or working animals from 90 to 95 per cent. As regards the fertilizing value of 
equal weights of manure in its normal condition, farm animals probably stand in 
the following order: Poultry, sheep, pigs, horses, cows. ; 

The amounts of fertilizing constituents in the manure stand in direct relation 
to those in the food. As regards the value of manure produced, the concentrated 
feeding stuffs, such as meat scrap, cotton-seed meal, linseed meal, and wheat bran, 
stand first, the leguminous plants (clover, peas, etc.) second, the grasses third, 
cereals (oats, corn, etc.) fourth, and root crops, such as turnips, beets, and mangel- 
wurzels, last. 
Barnyard manure is a material which rapidly undergoes change. When it is 

practical to haul the manure from the stalls and pen and spread it on the field at 
frequent intervals the losses of valuable constituents need not be very great, but 
when (as in winter) the manure must be stored for some time the difficulties of 
preservation become greatly increased. 

The deterioration of manure results from two chief causes: (1) fermentation and 
(2) weathering orleaching. The loss from destructive fermentation may be almost 
entirely prevented by the use of proper absorbents and preservatives, such as 
superphosphate and kainite, and especially by keeping the manure moist and 
excluding the air. 

Amounts of different preservatives to be used per head daily. 
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If kainite is used it should be applied to the fresh manure and covered with litter 
so thatit does not come in contact with the feet of the animals. All preservatives 
are more effective if applied before decomposition sets in. 

Loss from leaching may be prevented by storage under cover or in pits. Extremes 
of moisture and temperature are to be avoided, and uniform and moderate fermen- 
tation is the object to be sought. To this end, it is advisable to mix the manure 
from the different animals thoroughly in the heap, and keep the mass compact. 
Barnyard manure is justly held in high esteem as a general fertilizer, but it has 

a forcing effect when fresh, and is therefore better suited to grasses and forage 
plants than to plants grown for seed, such as cereais. Direct applications, espe- 
cially to root crops, such as sugar beets, potatoes, or tobacco, often prove injurious. 
This result can, as a rule, be avoided by applying the manure some months before 
the planting of the crop or by using only well-rotted manure. 
Barnyard manure is not applied to fruit trees with the same good results that 

attend its use in the case of field crops, garden truck, ete. It does not stimulate 
fruiting to the same extent as do the mineral fertilizers. Its tendency is to produce 
a large growth, but a poor quality, of fruit. Oranges, in particular, become coarse, 
thick skinned, and sour under its influence. 

As arule, the best results are likely to be obtained by using commercial fertilizing 
materials in connection with barnyard manure, either in compost or separately. 

METHODS OF CONTROLLING INJURIOUS INSECTS. 

The species marked with an asterisk (*) have gained entrance into America from foreign coun- 
tries and represent twenty-eight out of the sixty-three species listed. ‘The origin of those 
preceded with an interrogation point is in doubt. ] 

REMEDIES FOR IMPORTANT INSECTS. 

*ANGOUMOIS GRAIN MOTH (Sitotroga cerealella Oliv.), Prompt thrashing of grain 
after harvesting; bisulphide of carbon in bins and granaries; storage in bulk. 

APPLE-LEAF SKELETONIZER (Canarsia hammondi Riley). Spraying with arsenic- 
als (paris green and london purple) in June; hand picking of leaves with larve. 

2? APPLE-ROOT PLANT LOUSE (Schizoneura lanigera Hausm.). Kerosene emulsion 
under and above ground; scalding water poured freely about roots; bisulphide 
of carbon under ground about roots; powdered tobacco or ashes incorporated 
in the soil, 

APPLE-TREE BORER, FLAT-HEADED (Chrysobothris femorata Fab.). Painting 
trunk and larger branches in June with strong soap solution, washing soda, or 
mixture of whitewash and paris green. 

?ARMY WORM (Leucania wnipuncta Haw.). Burning over fields in winter; ditch- 
ing; paris green. 

*ASPARAGUS BEETLE, COMMON (Crioceris asparagi Linn.). Prompt marketing 
of all canes; trap plants; dusting with lime or arsenical mixtures; jarring larve 
to ground on hot days, especially if soil be sandy. 

*BEAN WEEVIL, ComMOoN (Bruchus obtectus Say). Treating with bisulphide of 
carbon in air-tight vessels. 

*BLACK SCALE (Lecanium ole Barn.). Kerosene emulsion on young scale or 
treatment with hydrocyanic acid gas. 

BLISTER BEETLES (Hpicauta vittata Fab., E. cinerea Lec., FE. pennsylvanica De G., 
Macrobasis wnicolor Kb.). Arsenicals, 1 pound to 100 gallons of water. 

BoLtuworm. (See Corn ear worm.) 
BUFFALO GNAT (Simulium pecuarum Riley). Smudges; oil, grease, etc., applied 

to stock. 
*CABBAGE BUG, HARLEQUIN (Murgantia histrionica Hahn). Spring collecting 

from. trap mustard; hand picking. 
*CABBAGE WORMS (Pieris rape Sch., Plutella cruciferarum Zell., Plusia brassice 

Riley). Pyrethrum; kerosene emulsion; paris green, dry, with flour or lime— 
1 part of the poison in 50 to 100 of the diluent. 

CANKERWORM, SPRING (Paleacrita vernata Peck). Arsenical mixtures in spray; 
trapping female moth in oil troughs or tar bands about trunks of trees. 

*CARPET BEETLE, OR ‘‘ BUFFALO MOTH” (Anthrenus scrophularie L.). Benzine; 
hot ironing of carpets over damp cloth; killing by steam. 

CHINCH BUG (Blissus leucopterus Say). Burning wild grass land and all rubbish 
in early winter; kerosene emulsion; contagious disease; trap crops; ditching. 

?CLOTHES MOTH, SOUTHERN (Tinea biselliella Hum.). Brushing and airing; ben- 
zine; naphthalene; packing in bags of paper or cotton cloth; cold storage. 

*CockRoAcH, GERMAN; Croton BuG (Phyllodromia germanica L.). Pyrethrum 
or buhach; bisulphide of carbon in tight rooms or compartments away from fire. 
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*CoDLING MOTH; APPLE WORM (Carpocapsa pomonelia Linn.). Arsenicals; first 
application as soon as blossoms fall; second, one or two weeks later, just before 
the fruit turns down on the stem; trapping laryee by applying bands to the 
tree; prompt destruction of infested fallen fruit. 

*Corron worm (Aletia xylina Say). Paris green dusted on as dry powder. 
CORN ROOT WORM (Diebrotica longicornis Say). Rotation of corn with oats or 
** other crop. os 
= CORN STALK BORER, LARGER { Diatrea saecharalis F.). Plowing under or burn- 

ing stubble. 
?CorN EAR WORM; BoLuwor (Heliothis armiger Hbn.). Late fall plowing; 

_ poisoned baits; for cotton, planting corn as trap crop. 
*CURRANT WORM, DrporTeD (Nematus ribdesit Scop.). Hellebore, 1 ounce to 2 

gallons water, in spray. : 
CUCUMBER BEETLE, STRIPED (Diabrotica vittata Fab.). Protecting young plants 

with netting; arsenicals. 
Curworms (Agrotis, Leucania, Mamestra, Hadena, Nephelodes, ete.) Distribu- 

ticn of poisoned green bait; late fall plowing; burning waste tracts and rubbish. 
* ELM LEAF BEETLE, ImPORTED (Galeruca luieola Muall.). Arsenicals, 1 pound to 

100 gallons water, as soon as beetles appear and later for larve. 
FLEA BEETLE, STRIPED (Piyllotreta vitiaia Fab.). Kerosene emulsion; arsenicals. 
*PLUTED SCALE (Icerya purchasi Mask.). Introduction of its ladybird enemy, 
Novius cardinalis; hydrocyanic acid gas treatment; soap, 1 pound to 2 gallons 
hot water. 

*FRUIT BARK BEETLE (Scolytus ruguiosus Ratz.). Burning trap trees and infested 
trees at any time, but preferably in winter. 

*GRAIN WEEVILS (Calandra granaria Linn., C. oryza Linn.). Bisulphide of car- 
bon in bins and granaries; storage in large bull. 

GRAPE PHYLLOXERA (Phylloxere vastatrix Planch.). Submersion; bisulphide of 
ire ay kerosene —) or resin compound about roots; use of resistant 
stocks. 

GRAPEVINE LEAF HOPPER (Erythroneura vitis Harr.). Sprayimg with kerosene 
emulsion in early morning; catching on tarred shield; cleaning up all leaves and 
rubbish in fall. 

*Gypsy MOTH (Ocneria dispar L.). Spraying with arsenicals; hand collecting of 
cocoons and eggs; oiling egg masses; trapping larve. 

*HESSIAN FLY (Cecidomyia destructor Say). Late planting; selection of wheat 
less subject to attack; rolling; pasturing to sheep; rotation of crops. 

*Hop PLANT LOUSE (Phorodon humuli Schr.). Destroying all wild plum trees in 
vicinity; spraying others in fall or spring with strong kerosene emulsion; spray- 
ing vines with kerosene emulsion or fish-oil soap; destroying vines after hops 
are picked. t 

*HorN FLY (Hematobia serrata R.-D.). Application of strong-smelling greases 
and oils to cattle, or of lime or plaster to dung. 

Locust, CALIFORNIA DEVASTATING (Melanoplus devastator Scudd.). Poisoned 
bait of bran, sugar, and arsenic. 

Locust, LESSER MIGRATORY (Melanoplus atlanis Riley). (See Rocky Mountain 
locust. ) 

Locust, RED-LEGGED (Melaenoplus femur-rubrum De G.) (See Rocky Mountain 
locust. ) 

Locust, Rocky MotuntTatn (Melanoplus spretus Thos.), Catching with hopper- 
dozers; ditching; burning; rolling; plowing under of eggs. 

Ox Bot (Hypoderma lineata Vili.). Strong-smelling fats and oils applied to cattle. 
* OYSTER-SHELL BARK LOUSE (Mytilaspis pomorum Bouché). Kerosene emulsion; 

strong soap or alkali washes. 
PEACH-TREE BORER (Sannina exitiosa Say). Cutting out the larve or scalding 
them with hot water in late autumn or early spring; painting trunk with arsen- 
icals in thick whitewash; wrapping trunk with grass, paper, etc. 

* PEAR-TREE PSYLLA (Psylla pyricola Forst.). Kerosene emulsion: First, a winter 
application diluted seven times; second, in spring as soon as leaves are unfolded, 
Giluted nine times. 

PEAR-TREE SLUG (Eriocampa cerasi Peck.). Hellebore, 1 ounce to 2 gallons water 
in a spray; whale-oil soap, 12 pounds to 50 gallons water; arsenicals. 

*Pra WEEVIL (Bruchus piserum Linn.). Keeping seed over to second year; bisul- 
phide of carbon in tight vessels. 

PLUM cuRCULIO (Conotrachelus nenuphar Herbst). Arsenical spray: First, before 
the bleom appears or as soon as foliage starts; second, immediately after blos- 
soms fall: third, a week or ten days after the last; collection of adults from 
trees by jarring. 

a. 
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PoTATO BEETLE, COLORADO (Doryphora decemlineata Say). Arsenicals, 1 pound 
to 100 gallons of water. © 

* PURPLE SCALE OF THE ORANGE (Mytilaspis citricola Pack.). Kerosene emul- 
sion, applied immediately after appearance of new brood. 

RICE WATER WEEVIL (Lissorhoptrus simplex Say). Draining. 
ROSE CHAFER (Macrodactylus subspinosus Fab.). Planting spirzeas, etc., as trap 

plants, and collecting beetles in special pans; arsenicals; bagging grapes. 
*San Jose SCALE (Aspidiotus perniciosus Comst.). Soap wash (2 pounds to the 

gailon) as soon as leaves failin autumn; in warm, dry climate, winter resin wash. 
=SCcREW WORM (Compsomyia maceliaria Fab.). Prompt burning or burying of 

dead animals; smearing wounds with fish oil; washing with carbolic acid. 
SQUASH BORER (Ifelittia ceto Westw.). Planting early summer squashes to be 

destroyed; late planting of main crop; destruction of all vines attacked as soon 
as crop can be gathered; collecting moths. 

SeuasH BUG (Anasa tristis De G.). Early burning of vines and all rubbish in 
fall; biweekly collection of eggs. 

STRAWBERRY WEEVIL (Anthonomus signatus Say). Trap crops; protecting beds 
with cloth covering; using staminate varieties as fertilizers only and as few 
plants of the former as necessary; spraying with paris green and bordeaux 
mixture. 

*SUGAR-CANE BORER (Diatreea saccharalis Fab.). Burning trash and laying 
down seed cane under ground. 

Webworm, Fain (Hyphantria eunea Dr.). Prompt removal and destruction of 
webs and larvee; arsenical spraying. = 

WHEAT ISOSOMA (Tsosoma grande Riley). Burning stubble; rotation of crops. 
* WHEAT PLANT LOUSE (Siphonophora avene Fab.). Rotation of crops. 
WRITE GRUB; JUNE BEETLE (Lachnosierna spp.). Luring the beetles by lights 

over tubs into water with skim of kerosene. Against larve: Kerosene emul- 
sion; liberal use of potash fertilizers; collecting after the plow. 

WIREWORMS (Drasterius ciegans Fab., Melanotus fissilis Say, and Agriotes spp.). 
Fall plowing; poisoned baits; rotation of crops. 

PREPARATION AND USE OF INSECTICIDES. 

ARSENICALS: PARIS GREEN, SCHEELE’S GREEN, AND LONDON PURPLE.—These 
three arsenica!s practically take the place of all other insecticides for biting and 
gnawing insects living or feeding on the exterior of plants. 

Paris green is a very fine crystalline powder, composed of arsenic, copper, and 
acetic acid, and costs about 20 cents a pound. 

Scheele’s green is very similar to paris green in color, and differs from it only in 
lacking acetic acid. In other words, it is a simple arsenite of copper. It isa 
much finer powder than paris green, and is therefore more easily kept in suspen- 
sion, and has the additional advantage of costing only about one-half as much per 
pound. Itis used in the same way and ai the same strength as paris green or 
london purple. 
London purple is a waste product in the manufacture of aniline dyes, and con- 

tains a number of substances, chief of which are arsenic and lime. It is not as 
effective as the green poisons, and is apt to scald foliage unless mixed with lime. 
It costs about 10 cents a pound. 

Hither of these arsenicals may be used as follows: 
The wet method.—Make into a thin paint in a small quantity of water, adding 

powdered or quick lime equal to the amount of poison used. Strain the mixture 
into the spray tank. Use either poison at the rate of a pound of dry powder in 
from 100 to 200 gallons of water. The stronger mixtures are for resistant foliage, 
such as that of the potato, and the weaker for sensitive foliage, such as that of the 
peach and plum. 

The dry method.—It is ordinarily advisable to use the poison in the form of a 
spray, but in the case of cotton and some other low crops it may be dusted on the 
plants. Make the application preferably in early morning or late evening, when 
the dew is on, to enable the poison to better adhere to the plant. In cotton 
fields the powderis usually dusted over the plants from bags fastened to each end of 
a pole, which is carried on horse or muleback. The motion of the animal is suffi- 
cient to cause the distribution over the foliage. Garden vegetables may be dusted 
by hand from bags or powder bellows. For vegetables which are soon to be used 
as food, mix the poison with 100 times its weight of flour or lime, and apply 
merely enough to show evenly over the surface. 
When to spray.—Spray for the codling moth very soon after the blossoms fall 
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and again a week or two later, just before the fruit turns down onthestem. This 
treatment reaches at the same time other leaf-eating insects. 

For the curculio, spray as soon as the foliage is well started and again at the 
time of the exposure of the young fruit by the falling of the blossoms, and a 
third time a week later, particularly if rains have intervened after the last treat- 
ment. 

For leaf-feeding insects, spray at the earliest indication of injury, and repeat as 
often as necessary. , 

Fruit trees should never be sprayed when in bloom, on account of the liability 
of poisoning honeybees or other insects useful as cross fertilizers. 
ARSENATE OF LEAD.—This arsenical has advantages over paris green, in that it 

has the merit of showing on the leaves, indicating at once which have been sprayed; 
remains much more casily suspended in water, and may be used in large propor- 
tions without danger to foliage. The insecticide results are not better, however, 
than in the case of paris green; but for sensitive foliage, or where no risk of scald- 
ing may be taken, it will prove useful. 

Itis prepared by combining, approximately, 3 parts arsenate of soda with 7 parts 
acetate of lead. From 1 to 10 pounds arsenate of lead are used with 150 gallons 
of water, 2 quarts of glucose being added to cause it to adhere better to the leaves. 
From 2 to 5 pounds will answer for most larve. The arsenate of lead costs 7 cents 
a pound wholesale, and glucose $16 a barrel. 
ARSENIC BAIT.—It is not always practicable to apply poison directly to plants, 

and in such cases the use of poison bait is valuable, particularly for cutworms, 
wireworms, and grasshoppers or locusts. 
Bran-arsenic bait.—This is made by combining 1 part by weight of white arsenic, 

1 of sugar, and 6 of bran, to which enough water is added to make a wet mash. 
For grasshoppers or locusts, place a tablespoonful at the base of each tree or vine, 
or lay a line of it at the head of the advancing army, placing a tablespoonful every 
6 to 8 feet, and following this up with another line in front of the first. For baiting 
cutworms, distribute the mash in small lots over the infested territory. 

Green bait.—For the destruction of cutworms and wireworms, use preferably 
poisoned green succulent vegetation, such as freshly cut clover, distributing it in 
small bunches about the infested fields. The bunches of green vegetation should 
be dipped in a strong solution of arsenicals, and prevented from rapid drying by 
being covered with stones or boards. Renew as often as the bait becomes dry. 

In the use of poison bait care must be exercised against its being eaten by domestic 
animals. 
CARBON BISULPHIDE.—This substance, used in tight receptacles, is the cheapest 

and most effective remedy for all insects affecting stored food and seed material, 
natural-history specimens, etc., and is one of the best means against insects affect- 
ing the roots of plants in loose soils. It is a colorless liquid, with an offensive 
oder, which soon passes off. It readily volatilizes, and is deadly to insect life. 
The vapor is highly inflammable and explosive, and should be carefully kept from 
fire, even a lighted cigar in its proximity being a source of danger. Wholesale, 
it costs 10 cents a pound; retail, of druggists, 25 to 30 cents a pound. 

For root lice of grape, apple, etc., put one-half ounce of bisulphide into holes 
about plants 10 to 16 inches deep, 14 feet apart, and not closer to trunk than 1 foot, 
Make the holes with iron rod and close with foot, or use hand injectors. For 
root maggots, put a teaspoonful into a hole 2 or 3 inches from the plant and close 
immediately. For ant nests, pour an ounce of the liquid into each of several holes 
in the nests; close the opening with the foot or cover with a wet blanket for ten 
minutes, and then explode the vapor at mouth of holes with torch. 

For stored-grain insects, distribute in shallow dishes over the bins; with open 
bins cover with oilcloth or blankets to retain the vapor. Keep bins or buildings 
closed for from twenty-four to thirty-six hours; then air them well. Disinfect 
infested grain in small bins before placing for long storage in large masses. 

The bisulphide is applied at the rate of 1 pound to the ton of grain. 
HELLEBORE.— White hellebore is used extensively as an insecticide, particularly 

as a substitute for the arsenites. It kills insects in the same way as an internal 
poison. It is less dangerous to man and the higher animals than the arsenical 
poisons, but if sufficient quantity be taken it will cause death. It is particularly 
useful against the larve of sawflies, such as the cherry slug, rose slug, currant 
worms, and strawberry worms. 

It may be applied as a dry powder, preferably diluted with from 5 to 10 parts of 
flour, and dusted on the plants through a muslin bag or with powder bellows. 
The application is preferably made in the evening, when the plants are moist with 
dew. Used as a wet application, it should be mixed with water in the proportion 
of 1 ounce to the gallon of water and applied as a spray. 
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In most instances where hellebore is used, the same results may be more cheaply 
accomplished by using either a soap solution or the arsenicals. 
HyYDROCYANIC ACID GAS.—This substance is chiefly used to destroy scale insects 

on fruit trees and nursery stock. The treatment consists in inclosing the tree or 
nursery stock with a tent and filling the latter with the poisonous gas. iS 

The tents should be of blue or brown drilling, or 8-ounce duck, painted or oiled 
to make air-tight. The tent may be placed over small trees by hand and over large 
trees with a tripod or derrick. A tent and derrick for medium-sized trees cost 
from $15 to $25; for a tree 30 feet tall by 60 feet in circumference, about $60. 

Refined potassium cyanide (98 per cent pure), commercial sulphuric acid, and 
water are used in generating the gas, the proportions being from two-thirds to 1 
ounce, by weight, of the cyanide, slightly more than 1 fluid ounce of acid, and 3 
finid ounces of water to every 150 cubic feet of space inclosed. 

Place the generator (any glazed earthenware vessel of 1 or 2 gallons’ capacity) 
on the ground within the tent, and add the water, acid, and cyanide, the latter in 
large lumps, in the order named. The treatment should continue forty minutes. 
Bright, hot sunlight is apt to cause injury to foliage, and may be avoided by work- 
ing on cloudy days or at night. One series of tents will answer for a county or 
large community of fruit growers. 
KEROSENE.— Kerosene, or coal oil, is occasionally used directly against insects, 

although its important insecticide use is in combination with soap or milk emul- 
sion. Under exceptional conditions it may be sprayed directly on living plants, 
and it has been so used in the growing season without injury. Ordinarily, how- 
ever, when applied even in the dormant season on leafless plants, it is liable to do 
serious injury or to kill the plant outright. It is now being used to a certain 
extent mechanically combined with water in the act of spraying, and is less harm- 
ful in this way than when used pure, as it is broken up more finely and somewhat 
distributed; but the danger of use on tender plants is not avoided by this means. 
Many insects which can not be destroyed by ordinary insecticides may be killed 
by jarring them from the plants into pans of water on which a little kerosene is 
floating, or they may be shaken from the plants onto cloth or screens saturated 
with kerosene, 

For the mosquito, kerosene has proved a very efficient preventive. Applied, at 
the rate of an ounce to 15 square feet, to the surface of small ponds or stagnant 
water in which mosquitoes are breeding, it forms a uniform film over the water 
and destroys all forms of aquatic insects, including the larva of the mosquito and 
the adult females which come to the surface of the water to deposit their eggs. 
The application retains its efficiency for several weeks. 
KEROSENE EMULSIONS.—The kerosene emulsions apply to all such sucking 

insects as plant bugs, plant lice, scale insects, thrips, and plant mites, and to such 
biting insects as can not be safely poisoned. 

Kerosene and soap emulsion formula. 

Kerosene __-~..-_- 2 eh Soe a ie Rept aeOA  ne t e Re a gallons... 2 
Wnale-oil soap (or 1 quart soft soap) -...2.._._2......----- pounds__. 1-2 
Teen k RS Ae Nl rd tT te ee gallon... 1 

Dissolve the soap in water by boiling, and add boiling hot, away from the fire, 
to the kerosene. Agitate violently for five minutes by pumping the liquid back 
upon itself with a force pump and direct-discharge nozzle throwing a strong 
stream, preferably one-eighth inch in diameter. The mixture will have increased 
about one-third in bulk, and assumed the consistency of cream. Well made, the 
emulsion should keep indefinitely, and should be diluted only as wanted for use. 

In limestone or hard-water regions ‘“‘ break” the water with lye before using to 
make or dilute the emulsion, or use rainwater. Better than either, use the milk 
emulsion, with which the character of the water does not affect the result. 

Kerosene and milk emulsion formula, 
J ae ae Ae <a eS 3 Sk os . gallons.. 2 
SRE GCE SSS Bee ely! 25 er ee gallon... 1 

Heating is unnecessary; churn as in the former case for three to five minutes, 
or until a thick, buttery consistency results. Prepare the milk emulsiqn from time 
to time for immediate use, unless it can be stored in air-tight jars; otherwise it 
will soon ferment and spoil. 
How to use the emulsions.—For summer applications for most plant lice and 

other soft-bodied insects, dilute with 15 to 20 parts of water; for the red spider and 
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other plant mites, the same, with the addition of 1 ounce of powéered sulphur to 
the gallon; for scale insects, the larger plant bugs, larv~, and beetles, dilute with 
7 to 9 parts water. 

For subterranean insects, such as root lice, root maggots, ‘‘ white grubs,” ete., 
use either kerosene emulsion or resin wash, wetting the soil to the depth of 2 to3 
inches, and follow with copious waterings, unless in rainy season. 
NAPHTHALENE.—This substance is used principally for the repellent action due 

to the vapor it exhales at the ordinary temperature of the air. In the form of 
cubes, cones, or globes it is used to protect clothing from the ravages of moths. 
Piaced with stored-seed products, it will protect them from varions weevils and 
stored-grain pests. It has no effect on the germination of the seed. Naphthalene 
is also quite universally employed to preserve natural-history specimens from 
museum pests. The vapors cf naphthalene are fatal to insects, but the vapor of 
bisulphide cf carbon is much quicker in action, and to be preferred. 

Ors: Fis OIL, TRAIN OIL, AND COTTON-SEED Om.—These are sometimes used 
on domestic animals to rid them of vermin, and fish oil is one of the best-known 
repellents for the horn fly, buffalo gnat, and cx bot fly. Any of these oils or any 
grease, the more strong smelling the better, thinly smeared on animals at the 
points of attack by flies, will afford great protection. They are also valuable 
against lice affecting live stock, but must be used carefully, or they may cause the 
hair to fall off. 
PYRETHRUM, OR INSECT POWDER.—This insecticide is sold under the names of 

buhach and Persian insect powder. 
It acts on insects externally, through their breathing pores, and is fatal to many 

forms. It is not poisonous to man or the higher animals, and hence may be used 
where poisons would be objectionable. Its chief value is against household pests, 

“such as roaches, fiies, and ants, and in greenhouses, conservatories, and smatl 
gardens, where the use of poisons would be inadvisable. 

itis used as a dry powder, pure or diluted with flour, when it may be puffed 
about rooms or wherever insects may occur. When used on plants, it is prefera- 
bly applied in the evening. As a preventive, and also as a remedy for the mos- 
quito, burning the powder in a tent or room will give satisfactory results. Itmay 
also be used as a spray, at the rate of 1 ounce to 3 gallons of water, but in this 
case should be mixed up some twenty-four hours before being applied. For 
immediate use a decoction may be prepared by boiling in water from five to ten 
minutes. 
RESIN WASH.—This is valuable for scale insects wherever the occurrence of 

comparatively rainless seasons insures the continuance of the wash on the trees 
for a considerable period, and as winter washes in very mild climates, as southern 
California, or wherever the multiplication of the insect continues almost without 
interruption throughout the year. 

Formula for resin wash. 

pedis 228 eyo oe eS hee ae Pe 2 oe ee pounds... 20 
Caustic soda (70 per cent). 2: =. + +. ee nn ee GO ssn te oe 
re eon ee a Lk Nc a eee pints __ 
I a ne Se Se ee ee OS est hace gallons._ 100 

Ordinary commercial resin is used, and the soda is that put up for soap estab- 
lishments in large 200-pound drums. Smaller quantities may be obtained at soap 
factories, or the granulated caustic soda (98 per cent) used, 3} pounds of the 
latter being the equivalent of 5 pounds of the former. Place these substances 
with the oil in the kettle, with water to cover them to a depth of 3 or 4 inches. 
Boil from one totwo hours, occasionally adding water, until the compound resem- 
bles very strong black coffee. Dilute to one-third the final butik with hot water 
or with cold water added slowly over the fire, making a stock mixture, to be 
diiuted to the full amount as used. When sprayed, the mixture should be per- 
fectly fluid and without sediment, and should any appear in the stock mixture 
pees should be resorted to. For a winter wash, dilute one-third or one-half 
ess. 
SOAPS AS INSECTICIDES.—Any good soap is effective in destroying soft-bodied 

insects, such as plant lice and young or soft-bodied larve. The soaps made of fish 
oil, and sold under the name of whale-oil seaps, are especially valuable. For plant 
lice and delicate larvae, such as the pear slug and others, a strength obtained by 
dissolving half a pound of soap in a gallon of water is sufficient. Soft soap will 
answer as well as hard, but at least double quantity should be taken. 

-* As winter washes, the fish-oil soaps have proved the most effective means of 
destroying certain scale insects, and have been of especial service against the very 
resistant San Jose scale. 
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For winter applications, use the soap at the rate of 2 pounds to a gallon of 
water, making the application with a spray pump as soon as the leaves fall in the 
autumn, repeating, if necessary, in spring before the buds unfold. 
SuLPHuR.—Flowers of sulphur is one of the best remedies for plant mites, such 

as the ‘“‘red spider,” six-spotted orange mite, rust mite of the orange fruit, etc. 
Applied at the rate of 1 ounce to a gallon of water, or mixed with some other 
insecticide, such as kerosene emulsion, it is a very effective remedy. For the rust 
mite, sprinkling the powdered sulphur about under the trees is sometimes sufii- 
cient to keep the fruit bright. Sulphur is often used to rid poultry houses of ver- 
min, and when fed to cattle is said to be a good means of ridding them of lice; or 
it may be mixed with grease, oil, etc., and rubbed into the skin. 

Bisulphide of lime.—This chemical is even better than sulphur as a remedy for 
mites, but it is a liquid and can be diluted easily to any extent. It can be made 
very cheaply by boiling together in a small quantity of water equal parts of lime 
and flowers of sulphur. For mites, take 5 pounds of sulphur and 5 of lime, and 
boil in a small quantity of water until both are dissolved and a brownish liquid 
results. Dilute to 100 gallons. 
TaR.—This substance is commonly used as a repellent by dissolving in water 

and sprinkling the plants with the solution. It is also sometimes smeared in and 
about the nostrils of sheep, to prevent the bot fly from depositing its eggs. 
Painted on paper bands wrapped around the bases of fruit trees, and renewed 
before becoming dry, it will entrap the wingless femaie cankerworm moths in 
their attempts to ascend the trees for the purpose of depositing eggs. Pine tar is 
preferable to coal tar, but neither kind should be applied directly to the bark. A 
prepared grease, known as insect lime, is now generally employed instead of tar, 

A CHEAP ORCHARD-SPRAYING OUTFIT. 

Spraying to control various insect pests, particularly those of the orchard and 
garden, has reached so satisfactory and inexpensive a basis that it is recognized by 

every progressive farmer as a necessary feature 
of the year’s operations, and in the case of the 
apple, pear, and plum crops the omission of 
such treatment means serious loss. The conse- 
quent demand for spraying apparatus has been 
met by all the leading pump manufacturers of 
this country, and ready-fitted apparatus, con- 
sisting of pump, spray tank or barrel, and 
nozzle with hose, are on the market in numer- 
ous styles and at prices ranging from $20 
upward. The cost of a spraying outfit for 
orchard work may, however, be considerably 
reduced by purchasing merely the pump and 
fixtures and mounting them at home on a 
strong barrel. An apparatus of this sort, rep- 
resenting a style that has proved very satisfac- 
tory in practical experience, is illustrated in the 
accompanying figure (164). Itismerely astrong 
pump with an air-chamber to give a steady 
stream provided with two discharge hose pipes. 
One of these enters the barrel and keeps the 
water agitated and the poison thoroughly inter- 
mixed, and the other and longer one is the 

Pia. 164.—Orchard-sprayiug apparatus. spraying hose and terminates in the nozzle. 
The spraying hose should be about 20 feet long, 

and may be fastened to a light pole, preferably of bamboo, to assist in directing 
the spray. The nozzle shouid be capable of breaking the water up into a fine 
mist spray, so as to wet the plant completely with the least possible expenditure 
of liquid. A suitable pump with nozzle and hose may be obtained of any hard- 
ware dealer. 

SEED STANDARDS. 

The following standards of purity and germination in seeds are recommended 
by the Department of Agriculture. The term purity, the percentage of which is 
reckoned by weight, denotes freedom from foreign matter, such as chaff, dirt, or 
seeds of other plants, but it has no reference to the genuineness of the variety, 
which is called by seedsmen purity of stock. The percentage of germination 
is reckoned by count from a sample freed from foreign matter, a seed being 
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considered as having germinated when the rootlet, or radicle, has pushed through 
the seed coat. It is not te be understood from these standards that the real value 
of a quantity of seed is dependent wholly upon the number of pure germinable seeds 
it contains. The ancestry of the seed and its trueness to type are factors of 
primary importance in determining seed value, especially in the case of vegeta- 
bles. These points, however, are very difficult, if not impossible, to determine 
at the time of purchase, while the purity and germination are easily ascertained 
and are very essential points. The germination standards are based upon tests 
conducted between moist blotters in a germinating chamber. Such tests usually 
give a little higher result than those made in soil. In the case, however, of blue 
grass, lettuce, tobacco, and the parsley family, soil tests are generally higher than 
blotter tests. While the figures given are only tentative and subject to change, it 
should be stated that they are the result of all the information available at the 
present time, including nearly ten thousand germination tests conducted in the 
seed laboratory of the Department of Agriculture. 

Per cent of purity and germination of seeds. 

| Germi- | e : | q - Germi- 
Seed. Purity. nation. ; Seed. Purity. nation. 

Per oat Per cent.) Per cent.| Per cent. 
EN ce odeae as scu nse eee 98 85-90 | Molon; musk 2-2-5 -2--2--22- 99 85-90 
ARREROEE 2 oso SE 99 80-85 || Molon ‘water 2.2 toa 99 
BAPICY 6 cee owas eastsee ese 99 20-95 |} Millet, common (Setaria 
TET TS Th alia oy Beige eee 99 OU Soall eae)! ee oe ees 99 85-90 
LL a ee 99 1150 || Millet, hog (Panicum milia- 
Blue grass, Canadian----..-- 90 45-50 || _ cewm) ee 99 85-90 
Blue grass, Kentucky- 2 90 45-50 || Millet, pearl - 99 85-90 
Brome, awnless 90 75-80 || Mustard - 99 90-95 
Buckwheat 99 90-95 || Oats---- 99 90-95 
Cabbage -- 99} 90-95 || Okra... 99 80-85 
Carrot -- 95 80-85 |} Onion - 99 80-85 
Caulifiowér : .99 80285 || Parsley: 222 9 25525 3 99 70-75 
Celery --.-.- 3 98 60-65,"|| Paminip 225 05s sess 95 70-75 
GIGVGEPr, BIBIKO . 3. nee oe 95 BO-90) |) OG e en nee ee ae eee 99 93-98 
Glover, crimson ~.._.......-- 98 85-90 ||: Pumpkin. 2. -22225..2 322-25. 99 85-90 
Glover eratie 2a ee sc. 98 85-30" || Radish... 2e2- aie 99 90-95 
Glover, wiite.-.2225-22i5-: | 95 75-O0 iape.st -. 02-5 ee 99 90-95 
es Oe | 99 90-95 || Rye .--..-------------------- 99 90-95 
ern Hele. os... oe | 99 ci | SE gee ree 98 75-80 
Corn, SWeeb i. i..-2 ==) eee 99 85-90'|| Sorghumi. ..-.=-.---..5. 3-5-3 98 85-90 
Seton. - set eee 99 85-00 |] Spindch ..-.---.--- 4 es 99 80-85 
Ee eee eee Oe ee 99 85-90 || Gpurry—--=- = 28s 99 85-90 

OSS. .-------=--------- ------ 99 85-90 || Squash ------.------------.-- 99 85-99 
Cmcnumber 2002-7 2222 soe. 99 85-00: || Timothy --.o2 22 tec. Sees 98 |. 85-90 
Becpisny 25) ee 2 99 20-00 ll POMISTO). =e es ae 98 85-90 
Fescue, meadow-.------------ 95 5-00: Barwin. 3-2-2 99 90-95 
rated Ase 99 Bo-90 tl Por acces 2. 222eia oe ees 98 75-80 
Ligh: 5 =e ai ae eee 98 65-00 | "Wheat 22-5. —-..2---25.- | 90-95 

1Each beet fruit, or “ball,” is likely to contain from 2 to7 seeds. One hundred balls should 
yield at least 150 sprouts. 
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FORMULAS FOR FUNGICIDES. 

(1) Ammoniacal copper carbonate solution: 

POOGTACARIGH ALG Meee 2 een oe ae ee ee ounces.. 5 
BRET A0r OL COM roe ee ee pints.. 3 
oly FIRZTB Ls secbehee Ae ie aril ae nh Cen oper eRe mney ye Seis ae Net gallons__ 50 

Piace the copper carbonate in a wooden pail and make a paste of it by the addi- 
tion of a little water. Then pour on the ammonia and stir until all the copper is 
dissolved. If the 3 pints of ammonia is not sufficient to dissolve the copper, add 
more until no sediment remains. Pour into a barrel and dilute with 45 or 50 gal- 
lons of water, and the mixture is then ready for use. 

(2) Bordeaux mixture: 

PeeEstaDimbprictiie 8 S25) ee BE He A Se BE B22 ee ee pounds... 6 
PRaOMrERe NMG 8! 5. 25S ye. eos As 5 So a: a6.2.' 4 
RR Prone 5 ee tad OF I Reb thao gallons... 22 

In a barrel that will hold 45 gallons dissolve the copper sulphate, using 8 or 10 
gallons of water, or as much as may be necessary for the purpose. In a tub or 
half barrel slack the lime. When completely slacked, add enough water to make a 
creamy whitewash. Pour this slowly into the barrel containing the copper sul- 
phate solution, using a coarse gunny sack stretched over the head of the barrel for 
a strainer. Finally, fill the barrel half ful! of water, stir thoroughly, and the 
mixture is ready for use. The 50 or 60 gallon formula is made in the same way. 
except that 50 or 60 gallons of water is added instead of 22 gallons. For further 
directions in making large quantities, see Bulletin No, 6, Division Vegetable Phys- 
iology and Pathology, pp. 8-11. 

(5) Hot-water treatment: 

This treatment is used for smuts of oats and wheat. Place two large kettles or 
two wash boilers on a stove; provide a reliable thermometer, and a coarse sack or 
basket for the seed. A special vessel for holding the grain may be made of wire 
or perforated tin. A vessel should never be entirely filled with grain, and in the 
kettles there should be about five or six times as much water by bulk as there is 
grain in the basket. In the first kettle keep the temperature of the water at from 
110° to 130° and in the other at 132° to 133°, never letting it fall below 130° lest the 
fungous spores may not be killed, nor rise above 135° lest the grain be injured. 
Place the grain in the basket and then sink it into the first kettle. Raise and lower 
it several times or shake it so that all the grain may become wet and uniformly 
warm. Remove it from the first kettle and plunge it into the second, where it 
should receive fifteen minutes’ treatment. Shake about repeatedly and also raise 
the basket containing the grain completely out of the water five or six times 
during the treatment. If the temperature falls below 132°, let the basket remain 
a few moments longer; if it rises, a few moments less. Have at hand cold and 
boiling water with which to regulate the temperature. At the expiration of fifteen 
minutes remove the grain and plunge into cold water, after which spread it out to 
dry. The seed may be sown at once, before thoroughly dry, or may be dried and 
stored until ready for use. In treating oats keep them in water at 132° for only 
ten minutes and spread out to dry without plunging into the cold water. 

(4) Resin wash: 

Se Bee ee pounds._ 20 
Peemumepma (88. per eet) 2. 22> 22s ek Joel asa ans- ~~. do... 44 
PARRICHLAMOTHTCL ES)" T8273 OS 2 A ers Ie PE RRS ee SS Dintsz=) 3 
IE VETINND 2 8 aE ol 6 os es ees aie ela Deanne es 2 gallons__ 15 

Place the resin, caustic soda, and fish oil in a large kettle. Pour over them 13 
gallons of water and boil until the resin is thoroughly dissolved, which requires 
from three to ten minutes after the materials begin to boil. While hot add enough 
water tomake just 15 gallons. When this cools, a fine, yellowish precipitate settles 
to the bottom of the vessel. The preparation must therefore be thoroughly stirred 
each time before measuring out to clilute, so as to uniformly mix the precipitate 
with the clear, dark, amber-brown liquid, which forms by far the greater part of 
the stock preparation. When desired for use, take 1 part of the stock preparation 
to 9 parts of water. If the wash be desired for immediate use, the materials, after 
boiling and while still hot, may be poured directly into the spray tank and diluted 
with cold water up to 150 gallons. 
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(5) Corrosive sublimate solution: 

This solution is used for potato scab. The corrosive sublimate is dissolved in 
about 2 gallons of hot water, and after an interval of ten or twelve hours diluted 
with 13 gallons of water. The potatoes to be planted are immersed in the solution 
for one and one-half hours, after which they are spread out to dry, then cut and 
planted as usual. A half barrel is a convenient receptacle for the solution. The 
potatoes may be put into a coarse sack and suspended in the liquid, first washing 
the tubers. Corrosive sublimate is very poisonous and should be kept out of the 
way of children and animals. All treated tubers should be planted, or, if not 
planted, destroyed. 

Potassium sulphide: 

Potassium sulphide |. . 2.2. - 5. oe; eck pont e pone oe ounces__ 24 
Woeber 2-56. tS OR ee ee Se gallons__ 5 

Dissolve the potassium sulphide in water, and the mixture is ready for use. 

ERRONEOUS IDEAS CONCERNING HAWKES AND OWLS. 

Much misapprehension still exists among farmers as to the habits of birds of 
prey. Examination of the contents of the stomachs of such birds, to the number 
of several thousand, has established the fact that their food consists almost 
entirely of injurious mammals and insects, and that accordingly these birds are 
in most cases positively beneficial to the farmer, and should be fostered and pro- 
tected. 
Among those wholly beneficial are the large, rough-legged hawk; its near rela- 

tive, the squirrel hawk, or ferruginous roughleg, and the four kites—the white- 
tailed kite, Mississippi kite, swallow-tailed kite, and everglade kite. 

The class that is beneficial in the main—that is, whose depredations are of little 
consequence in comparison with the good it does—includes a majority of the hawks 
and owls, among them being the following species and their races: Marsh hawk, 
Harris's hawk, red-tailed hawk, red-shouldered hawk, short-tailed hawk, white- 
tailed hawk, Swainson’s hawk, short-winged hawk, broad-winged hawk, Mexican 
black hawk, Mexican goshawk, sparrow hawk, Audubon’s caracara, barn_owl, 
long-eared owl, short-eared owl, great gray owl, barred owl, Western owl, Rich- 
ardson’s owl, Acadian owl, screech owl, flammulated screech owl, snowy owl, 
hawk owl, burrowing owl, pygmy owl, ferruginous pygmy owl, and elf owl. 

The class in which the harmful and the beneficial qualities about balance each 
other includes the golden eagle, bald eagle, pigeon hawk, Richardson’s hawk, 
Aplomado falcon, prairie falcon, and great horned owl. 

The harmful class comprises the gyrfalcons, duck hawk, sharp-shinned hawk, 
Cooper’s hawk, and goshawk. 
The investigations upon which the foregoing statements are based were 

described at considerable length in the Yearbook of the U. 8. Department of 
Agriculture for 1894. 

TIMBER—LUMBER—WOOD. 

QUALITY. 

Sapwood is light and weak if from an old tree, but heavy and strong if from a 
young tree. 
Sapwood shrinks more and decays more easily than heartwood. a 
A young tree makes heavier and stronger wood than an old tree, hence second 

growth is often better than old timber. 
The butt cut of hard pine weighs 20 per cent more and is 30 per cent stronger 

than the top cut. 
The heaviest stick of the same kind, when seasoned, is the strongest; a piece of 

seasoned pine weighing 45 pounds to the cubic foot is one-third to one-half stiffer 
and stronger than one weighing 30 pounds. 
Broad-ringed oak and pine, with broad, dark bands of summer wood, are 

strongest. 
Crossgrain and knots reduce both stiffness and strength. 
A crossgrained piece will scarcely support one-twentieth of the load that a 

straight-grained piece of the same kind will-support. 



TIMBER—LUMBER—WOOD.« 629 

EFFECTS OF SEASONING. 

A cord of green wood weighs 50 per cent more than when air dry. 
A cord of well-dried wood still contains 600 pounds of water. 
In the burning of green wood, nearly one-half the heat is lost in evaporating the 

water contained in it. 
One-half the weight of fresh, sappy pine is due to water. The kiln-drying of 

lumber, at a smali expense, saves 1,000 to 1,500 pounds of freight per 1,000 feet, 
B. M. : 

Seasoning increases stiffness and strength by about 50 per cent. 
Checks produced in drying decrease the value of timber; seasoning, therefore, 

always injures as well as benefits. 
Wood always swells and shrinks—that is, takes up and gives off water—hence 

the periodic recurrence of cracks in floors, etc. 
Split wood shrinks more evenly, sheds water and wears better than if sawed. 
Good hard pine shrinks about 6 inches per 100 inches width of flooring when 

laid green; good red oak about 9 inches. 
A ‘*quarter-sawed”’ board shrinks only one-half to two-thirds as much as a 

bastard-sawed one. 
Wood shrinks inappreciably in length, 3 to 6 per cent in radial direction (across 

the rings), and 4 to 10 per cent in tangential direction (with the rings). 
Quarter-sawed boards and bastard-sawed boards neither shrink nor wear alike; 

hence for the best floors they should not be used side by side. 

STIFFNESS AND STRENGTH. 

Doubiing the length of a board or timber reduces the stiffness eightfold and the 
strength one-half. 
Doubling the width of a board doubles the stiffness and strength. 
Doubling the thickness of a board or the depth of a timber increases the stiffness 

about eightfold and the strength fourfold. 
If, therefore, it is desired to double the length and retain the same stiffness, it 

is necessary to double the thickness or depth. 
Weight for weight, a stick of pine is stronger and stiffer than a solid iron or steel 

of same shape and length. 
A joist 2 by G inches is three times as stiff as one 2 by 4. A joist 2 by 8 inches 

is eight times, and one 2 by 12 is twenty-seven times, as stiff. 
A good hard-pine joist 2 by 4 inches and 10 feet long may support 2,000 pounds 

in the middle, but it can safely be trusted only to the extent of 400 pounds. 
If weighted suddenly, a timber bends much more than if weighted gradually 

with the same weight. 
A timber projecting from the wall and weighted at the end (a cantilever) sup- 

ports only as much as a timber twice the length resting on both ends and weighted 
in the middle. 

MEASUREMENT. 

A cord of body wood closely piled contains 100 cubic feet of solid wood; if one- 
third limbs, not more than §0 cubic feet. 
A cord of good oak wood contains 175 to 200 billets, requires about a dozen 

small-sized trees (8 to 10 inches diameter) or one good-sized tree (20 to 24 inches) 
to make it, and weighs about 2.5 tons. 

To obtain, approximately, the volume of a standing tree, measure the circum- 
ference breast-high in feet, square it, divide by 25, and multiply by the estimated 
height, the result being in cubic feet. For saw timber, take estimated length of 
log instead of height of tree. 

To obtain volume of standing timber per acre, count and classify trees of same 
diameter and height, measure one of each class, multiply by the number of trees 
in the class, and add the results. 

Summary of log-book estimates for memorizing. 

Diameter of log in inches...._.___- 10 12 14 16 18 20 22 24 
Number of feet, B. M., contained in 

UV i te a 4d 20 40 60 90 120 160 200 250 
Difference in feet ..s-..----- 20 20 30 ~=6380 40 40 50 
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Tt will be observed that the increase in diameter from 10 inches to 12 and from 
12 inches to 14is accompanied, in each case, by an increase of 20 feet in the con- 
tents of the log; that the increase from 14 inches to 16 and from 16 inches to 18 is 
accompanied, in each case, by an increase of 30 feet in the contents of the log, 
and that the increase from 18 inches to 20 and from 20 inches to 22 represents, in 
each case, an addition of 40 feet to the contents of the log. The reader can follow 
out this ratio of increase as circumstances require. 

DISTANCE TABLE FOR TREE PLANTING. 

Number of trees that may be sect upon a piece of land 100 yards or feet square on a 
side, in right-angled rows of equal and unequal distances apart. 

Yards or feet between rows. 

}s m_-| 
|2Qox 
- oOo 

(see 

EEE 
i322! 10]15]20/25|/30/3.5] 40 .0| 7.0/8.0] 9.0] 10.0 
A 

| | | | | 
0.5 20, 000/13, 333/10, 000'8, 000'8, 667/5, 7145, 00/4, 2 i2, 2,000 
1.0/10, 6, 667| 5, 000/4, 0003, 333)2, 857 2, 500): 366|1, 4281, : 1,000 
1.5] 6,667| 4,444] 3,333)2, 667/2, 222/1, 905/1, 667) 2} $33 666 
2.0) 5,000) 3,333) 2, 500'2, 000 1, 667)1, 429 1, 250) 500 
2.5) 4,000) 2,667} 2, 0001, 600 1, 333/1, 143 1, 000 400 
3.0) 3,333] 2,222) 1, 667/1,333)1,111| 952) 833 333 
3.5) 2.857| 1,905! 1.4291, 143) 952) 816) 714 285 
4.0) 2,500) 1, 667) 1,2501,000) 833 714) 625 250 
4.5) 2,222) 1,481) 1,111] 889) 741| 635) 556 222 
5.0} 2,000] 1,333) 1,000) 800) 667) 571) 500 200 
5.5, 1,818) 1,212) 909] 727) 606) 519) 455 181 

| 6.0) 1,667/ 1,111) 838) 667) 556) 476) 417 166 
| 6.5) 1,538) 1,026) 769) 615) 513 440) 385 153 
| 7.01 1,499} 952} 714] 571| 476) 408) 357 142 

7.5| 1,333], 889} 667) 533] 444] 381) 333 133 
8.0) 1,250] 833] 625] 500) 417) 357] 313 125 
8.5] 1,176] 784) 588) 471) 392} 336] 204 117 
9.0} 1,111] 741] 556) 494) 370| 317] 278 11 

} 10.0) 1,000) 667) 500) 400) 333) 28 250 100 
| | | 

In order to find number of trees needed per acre divide the above figures by 2, 
if they have been read as referring to feet; multiply them by 4} if they have been 
read as referring to yards. This will give the number needed within an unap- 
preciable error. 

IRRIGATION. 

A water right is the right or privilege of using water for irrigating purposes, 
either in a definite quantity or upon a prescribed area of land, such right or privi- 
lege being customarily acquired either by priority of use or by purchase. In 
many parts of the arid region a water right is an exceedingly valuable property. 
The average value of the water rights of the entire arid region, as determined by 
the Census of 1890, was $26 per acre, and there are fruit-growing districts in Cali- 
fornia where water rights have been sold at as high as $1,500 per miner’s inch, or 
— $100 to $500 per acre, according to the amount used on any given area of 
and. 
The duty of water is the extent of the service it will perform when used for 

irrigating purposes, that is, the number of acres a given quantity of water will 
adequately irrigate under ordinary circumstances. This is usually from 100 to 
200 acres for each second-foot. Where water isabundant, the duty has been known 
= be as low as 50 acres, and, where very scarce, as high as 500 acres to the second- 

* foot. 
A miner’s inch is theoretically such a quantity of water as will fiow through an 

aperture 1 inch square in a board 2 inches thick under a head of water of 6 inches 
in one second of time, and it is equal to 0.194 gallon, or 0.0259337 cubic foot per 
second, or to 11.64 gallons, or 1.556024 cubic feet, per minute. The amount of 
water flowing through a given aperture in a given time varies, however, with 
the head of water over the opening and also with the form of the opening. In 
Colorado the miner’s inch legalized by statute equals 11.7 gallons per minute. The 
California miner’s inch, however, equals only 9 gallons per minute, 100 Colorado 
inches being, accordingly, equal to 130 California inches. One hundred Colorado 
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inches will cover an acre to a depth of 5.2 feet in twenty-four hours; 100 California 
inches will cover the same area only to a depth of 4 feet in the same time. Fifty 
California inches are therefore, approximately, equal to 1 second-foot, and 50 Colo- 
rado inches to about three-tenths more. . ° 
An acre-foot of water is the amount required to cover an acre of ground toa 

depth of 1 foot. Thisis 43,560 cubic feet, or 325,851.4512 gallons. Its weight is 
1,213 tons 2,113 pounds, at 2,240 pounds to the ton. 

The amount of water required to cover an acre of ground toa depth of 1 inch 
is 3,630 cubic feet, or 27,154.2876 gallons. Its weight is 101 tons 362} pounds, at 
2,240 pounds to the ton. 
A second-foot is the most satisfactory, because the most definite, unit of meas- 

urement for fiowing water. It is used by the United States Government in the 
gauging of rivers and streams, and is rapidly superseding the miner’s inch in 
the measurement of water for irrigation. It is the quantity represented by a 
stream 1 foot wide and 1 foot deep, flowing at the average rate of 1 foot per second. 
In other words, it is 1 cubic foct per second, 60 cubic feet per minute, 3,600 cubic 
feet per hour, and soon. A stream flowing continuously at the average rate of 1 
second-foot would carry in one day of twenty-four hours 86,400 cubic feet, or 
646,316.928 gallons, sufficient te cover 144% acres to a depth of 1 foot. Flowing 
continuously for one year of three hundred and sixty-five days, such a stream 
would carry 31,536,000 cubic feet, or 235,905,678.7% gallons, sufficient to cover 
723242 acres to a depth of 1 foot. 

esubhumid region is the strip of country running north and south between the 
arid region, where irrigation is absolutely necessary to the successful prosecution 
of agriculture, and those portions of the United States in which the rainfall is 
usually sufficient for agricultural purposes. It includes portions of North Dakota, 
South Dakota, Nebraska, Kansas, and Texas, and may be described as a region 
where irrigation is not always necessary, but where agricultural operations can 
not, with any assurance of success, be undertaken without it. 

The average value of the irrigated land in farms in the United States was ascer- 
tained by the Census of 1890 to be $83.28 per acre, and that of the nonirrigated 
land in farms $20.95 per acre. 

The average annual value of the agricultural products of the irrigated land was 
ascertained to be $14.89 per acre irrigated, and that of these of the nonirrigated 
land $5.80 for each acre improved. 
The average first cost of the irrigated land, including purchase money, water 

rights, etc., was ascertained to have been $8.15 per acre, and the average annual 
cost of the water supply $1.07 per acre. 
The total value of the irrigated farms of the United States, as reported by the 

farmers themselves, was, in round figures, $296,850,000, an increase of $219,360,000, 
or 283.08 per cent, upon their cost, including land, water rights, fences, and prepa- 
ration for cultivation. 

The total value of the productive irrigating systems was found to be $94,412,000, 
an increase of 564,801,000, or 218.84 per cent, upon their cost. 
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Weight and cost of the seed of four mixtures, each designed to cover an acre, upon 
the basis of 10,000,000 plants, compiled from table on page 632. 

Mixture. 7 of |Pounas.| Cost. 

f Mimothy Se. s205- ~~ as oe aes Se ee eee eee 6, 700, 000 5.72 $0. 57 
PAS WAURIKCG S220 e . Sesenat se a ee Se oe OO ee ee 1, 650, 600 2.33 -30 

OV ititowlover | nc Soi eee oe ee eee are 1, 650, 000 2.3 “e 

To taut. Se 2 ee SSE ee es ee ee ee 10, 000, GOO 10. 28 1.49 

(xenonee ee oe nine ee eee Uineeene wien tina aed 5, 000, 000 4.27 43 
KontuekyAblaoe Tass .. - ac o- 22. once ann ee ee eeeeeeees 1, G00, 000 -41 -05 

B. 4\Onehend (Pass. 2. 2. 2 Seo. 5 SiS ee eee cee 700, 000 1.21 -19 
[WaeGaas 2 Settee ae pes Ae 6 1, 650, 000 2.33 -30 
Wailte Mliswer onc... coe So wee Ok 2 eee ee aan 1, 650, 000 2.23 - 62 

WD @heaisso" 2. 35.3. 28 Saeko eee ee 10, 000, 000 10.45 1.59 

ne Le etn RT SARC RS Pn Poe Ss 4,000,000} 3.42 “BL 
Kdntaiciny ihlue ries = .. 2. 22 Sea een sees 1, 200, 000 -50 2 

C J Onchard iptaad: Soe 2s eat ee ee ee eee eS 1, GOO, 000 1.73 23 
“oj MiGa dlow Shaman 52 S55 ee ee ae ee eee oe eee 500, 000 355 atlD 
White ps i ae SEN ae ea ren a eee 1, 650, 000 2.83 -3) 
AVAL cL Sc: See. Re ore Se SER Oe Pa 1, 650, 000 2.23 - 62 

2G: eee pe ae ee pemeer. en eM Se, fae Os Sen ae 10, 000, 000 10. 76 15 

Bie UGE SS 2 oe Se eee 2,790,600 | 10.00 1.40 
D PACES 3p sang. arc ot ak oe ce ae SS Rees en ae nats 2,121, 000 8.00 «39 

ran] | AT ERO Ge ee es: St ae ee tee: on, eee are en ee a ea 3, 089, 000 2. 64 26 
ND Obl BREA S egos eee RS Ng Ce Be Da a ee See 2, 000, 000 3.31 -40 

ni bp): ee eee eS ee eo Ee ee OEE AR eee MON nD 18. 95 2.45 

THE METRIC SYSTEM. 

The entire metric system of weights and measures is based upon a fone 
unit called a meter, which is the ten-millionth part of the distance from the 
equator to the pole, and is the principal unit of linear measure. 

The are, or unit of square measure, is a square whose side is 10 meters. 
The stere, or unit of cubic measure, is a cube whose edge is a meter. 
The liter, or unit of all measures of capacity, is a cube whose edge is the tenth 

of a meter. 
The gram, or unit of weight. is the weight of a cube of pure water at its greatest 

density, the edge of which is the hundredth part of a meter. 

Elements of the system. 

Length. Surface. Capacity. Weight. Notation. 

Metric ton. 1, 000, 000 
Quintal. 100, 000 

Myriameter. Myriagram. 10, 000 
Kilometer. Kiloliter. Kilogram. 1, 000 
Hectometer. Hectare. Hectoliter. Hectogram. 100 
Decameter. Decare. Decaliter. Decagram. 10 

Meter. Are. Liter. Gram. ll 

Decimeter. 3 Deciliter. Decigram. 0.1 
Centimeter. Centiare. Centiliter. Centigram. 0.01 
Millimeter. Milliliter. Milligram. 0. 001 

The metric system has been made compulsory in France, Germany, Austria- 
Hungary, Belgium, Spain, Portugal, Italy, Norway, Sweden, Switzerland, Servia, 
Roumania, Mexico, Brazil, Peru, Venezuela, and Argentina. In Great Britain, 
Japan, and the United States the system is legalized, but its use isnot compulsory. 
Russia and Denmark stand alone in not having taken any action, but even these 
countries are contributors to the International Bureau of Weights and Measures. 

In all the different countries in which this system has been adopted the change 
from the systems previously in use was made without the slightest difficulty, 
but it is hardly necessary to point out that unless the metric system had been 
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distinguished by great simplicity it would not have commended itself toso large a 
number of the nations of the world, with all their various peculiarities and preju- 
dices. Its superior character, both as regards simplicity and scientific precision, 
Was recognized in the United States at an early day, and as long ago as 1866 Con- 
gress legalized the system in this country and authorized the Secretary of the 
Treasury to distribute to each State of the Union a set of metric standards of 
weights and measures, which was done. It has since authorized on different 
occasions the participation of the United States Government in the various oper- 
ations that have been advocated by the International Bureau of Weights and 
Measures. 
Our present system has for its sole recommendation that it has been in common 

use for many years. It is irrational in theory and irksome in practice, and is 
almost entirely without authorization in the history of Congressional legislation. 

Linear, or long, measure. 

Denomination. Meters. Inches. | Feet. Yards. | Miles. 
| 1 ee | | 

a J SELE Trips Seek ee ee ee 0.601 0. 03937 0. 00328 CCS ERC 1 (mee teats 
Ve ERE oS SS ay ce Z . 3937 . 03280 SOMOREAT s 3° See 
_ oo UV tro, a ee 1 3. 937 - 32808 - 10936 0. 00006 
2) 1.2422 eR est 1 139. 37 3. 28083 1.09361 - 00062 

Joi.) 37: St Se a i ERS ES 32. 80833 10. 93611 00621 
Db TTS ESS ee oe ae eee DS Be See yee 328. 0833 109. 3611 06214 
UTD To SS eee ee ivy SLCHI 5 Valet eS 3, 280. 8383 1, 093. 611 62137 
UL Li i POO ue wel tony eee ee ee ee Te (eee 6. 2137 

| 

139.37 inches is the legalized equivalent of the meter in the United States. 

Square measure. 

Denomination. | it er Square feet. — | Acres, 

se SS ae | | 

Ll T= Do eee 0.1 155 1. 0764 0: 1496 |; 235-5 
Centiare, or square meter --.-_--.---- 1 1,550 10. 764 A196. 3) 52.28 ses 
“ll iv> 5:23 See eee TV), | Sas Se oe 107. 64 11.96 0. 6025 
Are, or square decameter._.....------ | S00 i ee 1, 076. 4 119.6 . O247 
JC)? 3a eee AGO) fests res <n ee eee te 1,196 2471 
Pee eee ne ee ee TOS000) ) iesecen conse lhe uaekes-- =e ee es 2.471 

A square centimeter equals 0.155 square inch, a square decimeter 15.5 square inches, and a 
square kilometer 0.386 square mile. 

Cubic measure. 

Sen | Cubie Cubie ‘ Cubic + . Denomination. | aiicae a aiees Cubic feet. yards. 

EEE —————— 

Millistere, or cubic decimeter _____..._.....-- | 0. 001 61. 023 1B 534 by aes a ae 
J ee ee eee -01 610. 233 . 39314 0.01308 
Coil (2. pS eee | SR cet = 3.53144 . 1308 
eere ar ca pic moter _.-. 2... -......-.-2------- een eee 35.3144 1.308 
Joli p35 See ee eee Ce a) cae eee ares 303. 144 13. 08 
PeCe mee. SoS on oo! ore ee oe SY, | eee Pee eee ne ee 130.8 

| 

Measure of capacity. 

Denomination. | Liters. Fluid Quarts. Gallons. | Bushels 
ounces. 4 ; . +7 

Miilliliter, or cubic centimeter--...--- 0.001 0.0338 B2DOD 08 oo re eeeacien ee Su Se 
a ES eae 01 - 338 - 01057 ATi Cee ae 
on. LE ae a 3.38 - 10567 - 02642 0. 00284 
Liter, or cubic decimeter. -._.....-... 1 33.8 1. 0567 - 26417 - 02837 
Jo ee eee ee 10 838 10. 567 2. 6417 28377 
Lois: i eee Ss on Here ee 105.67 - 26. 417 2. 83774 
Kiloliter, or cubic meter..-..----.-.-.- ht gt Clone Soe Oca 264.17 28. 3774 
C0 Say ae ee 130: ODD las es 2,641.7 283. 77: 

A liter is the weight of a kilogram of distilled water at its maximum density. 
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Weight. 

Denomination. Grams. Grains. Ounces | Pounds | T33a0. avoirdupois.|avoirdupois. pounds. 

absompyt = 25 fo esos eae ee 0.001 0.0148 |.2: 2. = | Se ee eee 
SoD si a i eS -O1 15492. | ..---- 3. 5| 2 eee 
Weer | ~ 25. Shes eee i 1.54324 0.00853 |=... 222 eee 
ear eee ee 1 15, 43236 - 03527 0. 0G22 5 See 
WICCAP TAM <-- 2: Saas n oe eee 10 154. 32356 - 0274 - (22053 Pee 
Hectogram, ~- .2.. 2 oe Se 100 1, 543. 2356 3. 5274 2206} 
Molopram = eee eee 1, 000 15, 482. 356 35. 27: 2. 20462 0. 00098 
Myriagram (242 2 2S 1D, QOD!) Se 8 ee eee ee 22. 0462 - 00984 
Quntal =. eS 100, 000 pie oe 9s Al a Ee 220. 462 . 09842 
Millier, or tonne__._...--.-.------ 1, 000, 000 a RR FR Sa se 7 2, 204. 62 . 9842 

NOTES REGARDING DEPARTMENT PUBLICATIONS. 

The publications of the U. 8. Department of Agriculture are of three classes: 
(1) Serial publications, (2) scientific and technical reports, and (3) popular bulle- 
tins. The first two classes are issued in limited editions and are distributed free 
only to persons cooperating with or rendering the Department some service. Sam- 
ple copies will be sent if requested, but miscellaneous applicants to receive the 
same regularly or for occasional copies must apply to the Superintendent of Docu- 
ments, Union Building, Washington, D. C., to whom all publications not needed 
for official use, except circulars and bulletins printed by law for free distribution, 
are turned over in accordance with the following provision of the act providing 
for the public printing and binding and distribution of public documents: 

**SEcTION 67. All documents at present remaining in charge of the several Execu- 
tive Departments, bureaus, and offices of the Government not required for official 
use shall be delivered to the Superintendent of Documents, and hereafter all pub- 
lic documents accumulating in said Departments, bureaus, and offices not needed 
for official use shall be annually turned over to the Superintendent of Documents 
for distribution or sale.” 

The popular circulars and bulletins treat in a practical way of subjects of par- 
ticular interest to farmers, are issued in large editions, and are for free distribution. 
Under this class are included the Farmers’ Bulletins, of which the following are 
available, and for which applications should be addressed to the Secretary of 
Agriculture, Washington, D. C., stating both the number and title of the publi- 
cation desired: 

No. 15. Some Destructive Potato Diseases: What They Are and How to Preven 
Them. No. 16. Leguminous Plants for Green Manuring and for Feeding. No. 17. 
Peach Yellows and Peach Rosette. No. 18. Forage Plantsfor the South. No. 19. 
Important Insecticides: Directions for their Preparation and Use. No. 20. Washed 
Soils: How to Prevent and Reclaim Them. No. 21. Barnyard Manure. No. 22. 
Feeding Farm Animals. No. 23. Foods: Nutritive Value and Cost. No. 24. Hog 
Cholera and Swine Plague. No. 26. Sweet Potatoes: Culture and Uses. No. 27. 
Flax for Seedand Fiber. No. 28. Weeds, and Howto Killthem. No. 29. Souring 
of Milk and Other Changesin Milk Products. No. 30. Grape Diseases on the Pacific 
Coast. No. 31. Alfalfa, or Lucern. No. 32. Silosand Silage. No.33. Peach Grow- 
ing for Market. No. 34. Meats: Composition and Cooking. No. 35. Potato Culture. 
No. 36. Cotton Seed and Its Products. No. 37. Kafir Corn: Characteristics, Cul- 
ture, and Uses. No. 38. Spraying for Fruit Diseases. No. 39. Onion Culture. No. 
40. Farm Drainage. No. 41. Fowls: Careand Feeding. No. 42. Facts about Milk. 
No. 43. Sewage Disposal on the Farm and the Protection of Drinking Water. No. 
44, Commercial Fertilizers: Composition and Use. No. 45. Some Insects Injurious 
to Stored Grain. No. 46. Irrigation in Humid Climates. No. 47. Insects Affecting 
the Cotton Plant. No. 48. The Manuring of Cotton. No. 49. Sheep Feeding. No. 50. 
a ee asa Forage Crop. No, 51. Standard Varieties of Chickens. No. 52. The 
ugar Beet. 
The Department has no list to whom all publications are sent. The Monthly 

List of Publications, issued the first of each month, will be mailed to all who apply 
for it. In it the titles of the publications are given, with a note explanatory of 
the character of cach, thus enabling the reader to make intelligent application for 
such bulletins and reports as are certain to be of interest to him. 

For the maps and bulletins of the Weather Bureau, requests and remittances 
should be directed to the Chief of that Bureau. For all publications to which a 
price is affixed, application must be made to the Superintendent of Documents, 
Union Building, Washington, D. C., accompanied by the price thereof, and all 
remittances should be made to him and not to the Department of Agriculture, and 
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such remittances should be made by postal money order and not by private check 
or postage stamps. 
The Superintendent of Documents is not permitted to sell more than one copy 

of any public document to the same person. 

PUBLICATIONS ISSUED JULY 1, 1895, TO DECEMBER 31, 1896. 

The following publications were issued by the United States. Department of 
Agriculture during the period July 1, 1895, to December 31, 1896. 

Those to which a price is attached, with the exception of publications of the 
Weather Bureau, must be obtained of the Superintendent of Documents, Union 
Building, Washington, D. C., to whom were turned over all copies not needed for 
official use, in compliance with section 67 of the act providing for the public print- 
ing and binding and the distribution of public documents. Remittances should be 
made to him by postal money order. Applications for those that are for free distri- 
bution should be made to the Secretary of Agriculture, Washington, D, C.: 

OFFICE OF THE SECRETARY. Copies. 
Yearbook of the Department of Agriculture for 1894. Pp. 608, pls. 7, 
meso. seplteminer, 1895. Price 50 cents ...< 2 2-2 ne no me 500, 000 

Yearbook of the Department of Agriculture for 1895. Pp. 656, pls. 10, 
figs. 134. June, 1896. Price 55 FT Se gaulpoo Dene e eseii Frah tag 500, 000 

The World’s Markets for American Products—Great Britain and Ireland. 
Pees. oe, 1. Bulletin No.1. August, 1895. Price 5 cents__..-_....- 5, 000 

The World's Markets for American Pr oducts—Great Britain and Ireland. 
Pp. ii, 95-155. Supplement to Bulletin No.1. (Reprint.) August, 1895. 
5S Dit aen ag lh nly ull ate hdl ila detent gai ae NCA ie ae 10, 000 

The World's Markets for American Products—The German Empire. Eps 
91, pl. 1. Bulletin No. 2. (Reprint.) August, 1895. Price5 cents... 5,000 

The World's Markets for American Products—France. Pp. 74. Bulletin 
PERO 2 TIGL) CONUS =... oe sp on ees ee 15,000 - 

LESS PTRD LFS SEV CUPSECT ofc) aay to 15) oe RR ie ae ree aes ee 5, 000 
The World’s Markets for American Products—Canada. Pp.67. Bulletin 

Nagas oeptember, 1895... Price > cents... .-2.<. 2. 2.4 Sn. sess 15, 000 
CP LDPERED EE US pete he ME a a a a et ee a ee pn Te RN 1,000 

The World's Markets for American Products—Netherlands. Pp. . 76. 
Searine NOs. 9... October, 159)... -Price 5 cents... oe sea o cc eas wee 15, 000 

The World’s Markets for American Products—Belgium. Pp. 90. Bul- 
ipneono. ecember. 1895. Price>: cents. ....2. .nc6.- + 1c sen n ane 7, 000 
ESE MPOCCOMUDCL «LOUO. 2 eee. lS eee oe de ie a cee 500 

The World’s Markets for American Products—Norway. Pp. 68, 1 map. 
Peep NO: 14.0 uLy.)1590.- Price.§ centae. 34 ee a eee 4,000 

The World’s Markets for American Products—Sweden. Pp. 92. Bulletin 
emp November, 1996;. Price's. Cents... <5 .ca- ons jeep econ on en acns 4,000 

American Dried Apples in the German Empire. Pp. 4. Circular No. 2. 
RE SE EE Se ee eee eee ee Oe en 10, 000 
PERC DRUG R LO UOrster (or = etch ere ee ols ou eee oa eaten ea 2, 500 

Imports and Exports for 1893.and 1894. Pp. 4. Circular No.3. August,1895_ 50,000 
An Example for American Farmers and Dairymen. Pp. 3. Circular No. 
IRIN a Peg ens ne oe See oe oo meek See 10, 000 

Reprint, February, GINS 2243 Shag See Oo Ss OY ea eee ee ae 2, 500 
Imports and Exports for 1893, 1894, and 1895. Pp.6. Circular No. 6. 

aNETEPEL Vere CHOY. <0 fees Ren eS eS ee ee ee ee ee 15, 000 
RETEST et S20 SRE Ae Te ee a 20, 000 

The Treaty of Shimonoseki between China and Japan of April 17, 1895, 
md Our Possibilities of Trade with Those Countries. Pp. 7. Circular 
MmEEEINOUCI DORA S90t oo ey oS ee SS ees eens 10, 000 

Report of the Secretary of Agriculture, 1895. (Preliminary.) Pp. 64. 
ERIC SO yie oe ee i ee, eee Ee ee See ot ea See 50, 000 

Letter of the Secretary of Agriculture, transmitting, in answer to a resolu- 
tion of the Senate of the 12th instant, astatement of the expenditures from 
the appropriation for the purchase and distribution of valuable seeds, 
made by the act of March 2, 1895; and also a copy of each bid made to 
the Department of Agr iculture to furnish it with seeds, bulbs, cuttings, 
etc. Pp. 30. Senate Doc. No. 40,54th Cong., 1st sess. January, 1896- 1,000 

Report of the Secretary of Agriculture; being part of the Message and 
Documents communicated to the two Houses of Congress at the begin- 
ning of the first session of the Fifty-fourth Congress. Pp. 266, chart 1, 
Januar OOS OE SERS AOR SAS og 5 ee ees 3, 000 



638 YEARBOOK OF THE U. S. DEPARTMENT OF AGRICULTURE. 

Tobacco: Instructions for its Cultivation and Curing. By John M. Estes, 
Special Agent. Pp.8. Farmers’ Bulletin No.6. (Reprint.) January, 
1896 2 eee oS ose ol 2s pee ee ee 
eprint vay. 1896... 25. Ss = 5 ee 
Beprin’ Octeber, 13806_- .. ce b Lk Bee eee 

Extension of Markets for American Feed Stuffs. Pp. 8. Circular No. 7. 
Menriary, LOVC 5 Ge ne ee Se = ee ee 

Letter from the Secretary of Agriculture, transmitting a detailed state- 
ment of the expenditures of all appropriations for the Department of 
Agriculture for the fiscal year ended June 30, 1895, including supple- 
mentalaccounttodate. Pp.189. Document No. 25,54th Cong., lstsess. 
MeDrUary., S00 ese ee Ee ee Pe er 

Arbor Day: Its History and Observance. By N. H. Egleston. Pp. 80, 
fies. 28, Marah A890. <>. 2.5 oP ee ee ea ee ee 

The Manchester District of England as a Market fer American Products. 
Pp. 8, fig.1. Circular No.4: Marek, dG x. - =~ 2 4<e-- += = eee 

Washed Soils: Howto Preventand Reclaim Them. Pp. 22,figs.6. Farm- 
ers’ Bulletin No. 20. (Reprint.) April, 1806 __..--..-.-.--..----42-2e 

Reprint, Ameust, 1806 20 2 2S. Sa ok ee ee eee 
Statement in Regard to Award of Seed Contract. Pp. 8. April, 1896 __- 
Vivisection in the District of Columbia. By Chas. W. Dabney, jr., Acting 

Secretary: Pp. “May 1606... 2c s80 ls eee 
Progress of Southern Agriculture. By Chas. W. Dabney, jr., Assistant 

secretary of Agriculture. Pp. 1%. Juno, 1806....._..-__-_-.. ee 
Work of the Department of Agriculture as Illustrated at the Atlanta 

Exposition. By Robert E. Wait, Private Secretary to Assistant Secre- 
tary of Agriculture. Pp. 503-522, pls. 8-10, fig. 129, from Yearbook for 
1095, SEUHO, W800 so. aoe ee ac anee ae ee ee ee ee 

Canadian Field Peas. By Thomas Shaw, Professor of Animal Husbandry, 
College of Agriculture of the University of Minnesota. Pp, 223-282, 
from-Yearbook for 1895, Jaume 1696). ee eee py 

Soil Ferments Important in Agriculture. By H. W. Wiley, Chief of the 
Division of Chemistry.—Origin, Value, and Reclamation of Alkali Lands. 
By E. W. Hilgard, Professor of Agriculture and Agricultural Chemis- 
try, University of California.—Reasons for Cultivating the Soil. By 
Milton Whitney, Chief of the Division of Agricultural Soils.—Humus in 
Its Relation to Soil Fertility. By Harry Snyder, Professor of Agricul- 
tural Chemistry in the University of Minnesota. Pp. iii, 69-142, pl. 2, 
figs..7, from. Yearbook for 1895. June, 2896" = ee eee 

Irrigation for the Garden and Greenhouse. By L. R. Taft, Professor of 
Horticulture, Michigan Agricultural College.—The Health of Plants in 
Greenhouses. By B. T. Galloway, Chief of the Division of Vegetable 
Physiology and Pathology. Pp. lii, 233-256, figs. 49-56, from Yearbook 
FOr MSI. Vee, LOO =. 222s 28 ce 22 8 ole oe some 8 ot. ooo eee 

The Civil Service in the Department of Agriculture. Pp. 4. Circular 
15 i ae (7 eel ts ee ee eae a eC ES Ee MT | 

Reprinh, Aneust; 1696)... ee ne ee eee 
Imports and Exports for 1893, 1894, 1895. Circular No.9. October, 1896_ 

Reprint; November, 1896 . =... 22.2212... eee 
Course of Wheat Production and Exportation in the United States, Can- 

ada, Argentina, Uruguay, Russia, and British India from 1880 to 1896, 
Fp. 8. -Circular No. 10. October, 1896 _..:...22.52) 22) eee 

Report of the Secretary of Agriculture, 1896. (Preliminary.) Pp. 51. 
PNOVeliber ate cs ohn oe ee ee eee 

DIVISION OF ACCOUNTS AND DISBURSEMENTS. 

Report of the Chief of the Division of Accounts and Disbursements for 
1895. By F. L. Evans. Pp. iii, 245-264, from Message and Documents, 
Department of Agriculture, 1895. January, 1896 .._._._..-.---------_- 

AGRICULTURAL SOILS. 

Soil Moisture: A Record of the Amount of Water Contained in Soils dur- 
ing the Month of May, 1895. Pp. 16, figs.14. Bulletin No.1. Septem- 
er. 1895. “Price Dicenis = 22... o 22> oo ee eee ee 

Copies. 

10, 000 
10, 000 
20, 000 

10, 000 

400 

500 



PUBLICATIONS ISSUED JULY 1, 1895, TO DECEMBER 31, 1896. 

Soil Moisture: A Record of the Amount of Water Contained in Soils dur- 
ing the Month of June, 1895. Pp. 16, figs.19. Bulletin No.2. October, 
ee ae wm. hoe A, ee ee) SM rT 

Soil Moisture: A Record of the Amount of Water Contained in Soils dur- 
ing the Month of July, 1895. Pp. 23, diagrams 20. Bulletin No. 3. 
PEST PoGs.> ETO ORNEE: > coo soso ede teaehe de d+ S 

Tobacco Soils of Connecticut and Pennsylvania. By Milton Whitney, 
Chief cf the Division of Agricultural Soils. Pp. iii, 143-155, figs. 4-10, 
from Yearbook for 1894. September, 1895___......-.....----.-.------- 

Conditions in Soils of the Arid Region. By Milton Whitney, Chief of the 
Division of Agricultural Soils. Pp. iii, 155-164, fig. 11, from Yearbook 
eas PCM AMNINE. “TMD ss LES yee ec lcne whic eee neat 

Truck Lands of the Atlantic Seaboard. By Milton Whitney, Chief of the 
’ Division of Agricuitural Soils. Pp. ii, 129-143, figs. 1-3, from Yearbook 
BDO a OO DuCMIERI Leone <2 Se ee ee See ee 

Methods of the Mechanical Analysis of Soils and of the Determination of 
the Amount of Moisture in Soils in the Field. Pp. 24, fig. 1. Bulletin 
Ramee Nar SOU. Ee TICOlD COMES. os. eee Se ge Se ee So 

Reasons for Cultivating the Soil. By Milton Whitey, Chief of the Divi- 
sion of Agricultural Soils. Pp. 123-130, from Yearbook for 1895. June, 

Texture of Some Important Soil Formation. Pp. 23, pls. 35. Bulletin 
JUS. Hy SLUTS ROL CU Se se SS Se Beer ee ee eee Beno m 

DIVISION OF AGROSTOLOGY. 

Alfalfa, or Lucern. By Jared G. Smith, Assistant Agrostologist. Pp. 23, 
fies. 3. Farmers’ Bulletin No: 31. August, 1895._.........----.------ 

Rea RIAN TAONOMAD ID GE ASE ea ce er a A a ate Lee: eS ee 
ect OULU aT YOUU = 2 aa nat Sas a eee oe ee a ee Se 
Repring, Jume, 1896... Be he es A ea en 
aprile ROOT NOG ae Se es eh a Se 

A Note on Experimental Grass Gardens. By Jared G. Smith, Acting 
Agrostologist. Pp.4. Circular No.1. August, 1895_..........__-__. 

Grasses as Sand and Soil Binders. By i. Lamson-Scribner, B. Se., Agros- 
tologist. Pp. iii, 421-486, figs. 100-110, from Yearbook for 1894. Au- 
OE TEES ea gs 2p ere ee eee oe ED re seer 

Giant Knotweed, or Sachaline. By F. Lamson-Scribner, Agrostologist. 
Pp. 4, figs. 3. Circular No. 5. (Reprint.) October, 1895 _____.._..-.- 

Hairy Vetch, Sand Vetch, or Russian Vetch (Vicia villosa). By F. Lam- 
son-Scribner, Agrostologist. Pp. 4, fig. 1. Circular No. 2. October, 
EEO" Wd a See 2 Aas oa Ric reas emeee SO aR ee ee ees ae 

Notes on Grasses and Foragé Plants of the Southeastern States. By 
Thos. H. Kearney, jr., Assistant Agrostologist. Pp. 28, figs. 7, Bul- 
temp Nia, 1, > November, 1895. >. Price cents... ee eee 

Saltbushes. By Jared G. Smith, Assistant Agrostologist. Pp. 4, figs. 3. 
el. TOR Bes Siete Sirs a ay seaegs eee kee ee eR eee er ae 

Fodder and Forage Plants, Exclusive of the Grasses. By Jared G. Smith, 
‘Assistant Agrostologist. Pp. 58, figs.5. Bulletin No. 2. August, 1896. 
TE Se leet oe! LENS ALE a del a ll 

Useful and Ornamental Grasses. By F. Lamson-Scr ibner, Agrostologist. 
Pp. 119, figs. 89. Bulletin No. 3. October, 1896. Price 10 cents ___.-- 

The Renewing of Worn Out Native Pastures. By Thomas A. Williams, 
Assistant Azgrostologist. Pp.4,figs.4. Circular No.4. November, 1896_ 

Grass Gardens. By I’, Lamson-Scribner, B. Sc.. Agrostologist. Pp. 301- 
308, figs. 68-69, from Yearbook for 1895 (Reprint.) July, 1896______- 

Forage Conditions of the Prairie Regions. By Jared G. Smith, Assistant 
Agrostologist. Pp. 309-324, figs. 70-74, from Yearbook for 1895. (Re- 
PRET MOUS BR rene oe er. eae ee es ak a meme 

Grasses of Salt Marshes. By F. Lamson-Scribner, B. Sc., Agrostologist. 
Pp. 325-332, figs. 75-79, come: Yeateiedc for 1895. (Reprint. ) July, 1896_ 

Canadian Field Peas. By Thomas Shaw, Professor of Animal Hus- 
bandry in College of Agriculture of the University of Minnesota.— 
Grass Gardens. By F. Lamson-Scribner, B. Sc., Agrostologist.—For- 
age Conditions of the Prairie Regions. By Jared G. Smith, Assistant 
Agrostologist.—Grasses of Salt Marshes. By F. Lamson-Scribner, B. 
Sc., Agrostologist. Pp. iv, 223-232, 301-332, figs. 46-48, 68-79, from 
Yearbook for 1895. SINE Cin gegen: ogee es tele on es bn eel a Nd RS 
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BUREAU OF ANIMAL INDUSTRY. 

The Dairy Herd: Its Formation and Management. By Henry E. Alvord, 
M.S. C. E. Pp. iii, 295-316, from Yearbook for 1894. (Reprint.) Au- 
Usb BGR ees SEP Lf Cle ESS Bee eee eee ee eee ee ee 

The Federal Meat Inspection. By D. E. Salmon, D. V. M., Chief of the 
Bureau of Animal Industry. Pp. iii, 67-80, from Yearbook for 1894. 
Proust, 1900 _o: a ies Bes eee ae Ps Se te eee ne ern ee 

Rules and Regulations Governing the Operations of the Bureau of Animal 
Industry; also, the acts of Congress under which they are made. By 
Dr. D. E. Salmon, Chief of the Bureau of Animal Industry. Pp. 46. 
Bulletin Wor9! - Aupust,1899_ 2-22 a ae eee 

The Pasteurization and Sterilization of Milk. By E. A. de Schweinitz, 
Ph. D., Biochemic Laboratory, Bureau of Animal Industry. Pp. iii. 
52-59, from Yearbook for 1894. August, 1895:=-:= 2-25 3) 2-2 eee 

Reprint, June; 1896 22... -- 22222202 Ss o Ce: ee eee 
A Nodular Teniasis in Fowls. By Veranus A. Moore, Chief of the 

Division of Animal Pathology, Bureau of Animal Industry. Pp. 4, figs. 
2; Circular No.3. - September, 18902--: =: -3 "=. 2 

Some Practical Suggestions for the Suppression and Prevention of 
Bovine Tuberculosis. By Theobald Smith, M. D., Chief of the Division 
of Animal Pathology, Bureau of Animal Industry. Pp. iii, 217-330, 
from Yearbook for $894. -October; 1895_-) 2 2 !222- Sess eee a 

Investigations Concerning Infectious Diseases Among Poultry. By Theo- 
bald Smith, Ph. B., M. D., and Veranus A. Moore, B. 8., M. D., under 
the direction of Dr. D. E. Salmon, Chief of the Bureau of Animal Indus- 
try. Pp. 90, pls.6. Bulletin No. 8. October, 1895. Price 15 cents---- 

Reprint, February, 1896 .----2:_.--.- (3 oboe coe. dae Seo ee 
Report of the Chief of the Bureau of Animal Industry for 1895. By D. E. 

Salmon. Pp. iii, 97-109, from Message and Documents, Department 
of Agriculture, 1895. January, 1896. _-- 2-2-2202 a eee 

Crossing of Improved Breeds of Swine with the Common Hogs of Florida. 
Pp: 4, Circular No.4: January, 1896. 2°-2 22>". 8 ee 

Hog Cholera and Swine Plague. By D. E. Salmon, D. V. M., Chief of 
the Bureau of Animal Industry. Pp. 16. Farmers’ Bulletin No. 24. 
(Reprint:) “February, 1896 -- 2: . 909 Se eee 
Reprint, March, 1896 -. 5-22 5-5* S2 se 2 ee eee ee ee ee 
Reprint, December, 1896 ...... =... 2.2 =. 2221 = ee 

Cornstalk Disease, and Rabies in Cattle. An Investigation into the 
Nature, Cause, and Means of Preventing the Cornstalk Disease (Toax- 
cemia maidis) of Cattle. By Veranus A. Moore, B. §., M. D.—A Dis- 
ease in Cattle not Distinguishable from Rabies. By Veranus A. Moore, 
Bb. S., M. D.—Chemical Examination of Cornstalks Presumably the 
Cause of Cornstalk Disease in Cattle. By E. A. de Schweinitz, M. D., 
Ph. D. Investigations conducted under the direction of Dr. D. E. 
Salmon, Chief of the Bureau of Animal Industry. Pp. 93, pls. 2. 
Bulletin No: 10; Pebruary, 1896. Price 10 cents... -- == -=_ =2223-3eeeee 

Statistics of the Dairy. Compiled from the United States Census for 1890, 
and from Other Reliable Sources, with Explanatory Notes. By Henry 
E. Alvord, C. E., Chief of the Dairy Division, under the direction of 
Dr. D. E. Salmon, Chief of the Bureau of Animal Industry. Pp. 53, 
diagrams 5,mapi1. Bulletin No. 11. March, 1896. Price 5 cents _--- 

Tenth and Eleventh Annual Reports of the Bureau of Animal Industry, 
for the ‘Years 1893 and 1894. Pp. 127. March, 1896_- =... - 2-2 ae 

Actinomycosis, or Lumpy Jaw. By D. E. Salmon, D. V. M., Chief of 
the Bureau of Animal Industry. Pp. 88-91, from Tenth and Eleventh 
Annual Reports of the Bureau of Animal Industry. Circular No. 7, 
March, 16960 = oe ee ee ee 

Black Quarter. By D. E. Salmon, D. V. M., Chief of the Bureau of 
Animal Industry. Pp. 84-87, from Tenth and Eleventh Annual Reports 
of the Bureau of Animal Industry. Circular No. 6. March, 1896_-.-- 

The Direct Transmission of Infectious Entero-hepatitis in Turkeys. By 
Veranus A. Moore, Chief of the Division of Animal Pathology. Pp. 8 
figs. 7%. Circilar No..b. “March, 1896_°_ 922 3° 2 eee = 

Injuries to Cattle from Swallowing Pointed Objects. By Theobald Smith, 
M. D., and Charles F. Dawson. M.D.,D.V.S. Pp. 78-81, from Tenth and 
Eleventh Annual Reports of the Bureau of Animal Industry. Circular 
Wo.8. March, 1806. toe: oe sock ed > cee nega epee eee 
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Check List of the Animal Parasites of Chickens (Gallus domesticus). By 
Albert Hassall, Zoological Laboratory, Bureau of Animal Industry. 
Po. 7, Circular No. 9. Apr l BOGS. 2. Sts 25 eh ee S72 Bd 

Bist of the State Dairy Commissioners and Associations of Dair ymen in 
the United States and Canada for 1896. Pp.6. Circular No.11. April, 
EE Pen ley SS yk, re iS) raed erica ee Se peepee fc 

Check List of the Animal Parasites of Turkeys (Meleagris gallopavo). By 
Albert Hassall, Zoological Laboratory, Bureau of Animal Industry. 
Pee emcnint NG. 1... May, 1896.00) Ss. steht es 2 

Butter Substitutes. By E. A. de Schweinitz, Biochemic Laboratory, Bu- 
reau of Animal Industry. Pp. 445-452, from Yearbook for 1895. ‘June, 
runny sx Pre erty = Spee. Be eh a a Se 

The Manufacture and Composition of Cheese. By Henry E. Alvord, Chief 
of the Dairy Division, Bureau of Animal Industry. Pp. 453-474, figs. 
too—122) from, Yearbook for 1895. Jume, 1896.--... 2... -22.e222-S2e252 

Inefficiency of Milk Separators in Removing Bacteria. By Veranus A. 
Moore, Chief of the Division of Animal Pathology, Bureau of Animal 
Industry. Pp. 431-444, figs. 112-119, from Yearbook for 1895. June, 1896_ 

Inefficiency of Milk Separators in Removing Bacteria. By Veranus A. 
Moore, Chief of the Division of Animal Pathology, Bureau of Animal 
Industry.—Butter Substitutes. By E. A. de Schweinitz, Biochemic 
Laboratory, Bureau of Animai Industry.—The Manufacture and Con- 
sumption of Cheese. By Henry E. Alvord, Chief of Dairy Division, 
Bureau of Animal Industry. Pp. iv, 481-47 4, figs. 112-122, from Year- 
TES UOsR UNOS VOUGs = = eo 2 x eo eae oS eter pepe YE 2 $2 

Check List of the Animal Parasites of Ducks. By Albert Hassall, Zoolog- 
ical Laboratory, Bureau of Animal Industry. Pp. 7. Circular No. 13. 
ELE LSS oo SoS ee Sy ees pean ey Se Sy Ey 

Tapewormsof Poultry. Report upon the Present Knowledge of the Tape- 
worms of Poultry. By C.H. Wardell Stiles, A.M.,Ph.D. Bibliography 
of the Tapeworms of Poultry. By Albert Hassall, Me n@.Vs Sie Eps 
88, pls. 21. Bulletin No.12. July,1896. Price 15 conta? .. kon OL eee 

Check List of the Animal Parasites of Geese (Anser anser-domesticus). 
By Albert Hassall, Zoological Laboratory, Bureau of Animal Industry. 
Pp. 5. Circular No. 14. “July, USOG See Sei O Lpest oer eee: | er eek ieee 

Check List of the Animal Parasites of Pigeons (Columba livia domestica). 
By Albert Hassall, Zoological Labor ator y, Bureau of Animal Industry. 
Pp. 4. Circular No. 15. “August, ABO Ge Teel AE. toed ee 

Regulations Concerning Cattle Transportation; Special Quarantine Orders, 
RaRuPCUSOSTIS EC OU QS 5 ore 55 Soo Res 3 Soo Fos Po oo a et ae 

Tuberculosis Investigations. The Growth of the Tuberculosis Bacillus 
Upon Acid and Media. By E. A. de Schweinitz and Marion Dorset.— 
Further Experiments with an Attenuated Tuberculosis Bacillus. By 
EK. A. de Schweinitz and E. C. Schroeder.—The Effect of Tuberculin 
Injections Upon the Milk of Healthy and Diseased Cows. By E. A. de 
Schweinitz. Prepared under the direction of Dr. D. E. Salmon, Chief 
of the Bureau of Animal Industry. Pp. 27, pls. 2, figs. 7. Bulletin 
Momtae September, 1896. Price 10 cents ...................--..--..-- 

Facts About Milk. By R. A. Pearson, B.Sc., Assistant Chief of the Dairy 
Division, Bureau of Animal Industry. Pp. 29, figs. 8. Farmers’ Bul- 
ns. SO Dtermberloug 9-2 9 fe eo J 

Dairying in California. By Prof. E. J. Wickson, M. A., University of 
California, under the direction of Dr. D. E. Salmon, Chief of the Bureau 
of Animal Industry. Pp. 31, map 1. Bulletin No. 14 (Dairy No. 5). 
Rep eeeLOUU  TICOsos CONUA Yas. ee le Se) OL, ee 2 kk 

Statistics of Dairy. Compiled from the United States Census for 1890, and 
Other Reliable Sources, with Explanatory Notes. By Henry E. Alvord, 
C. E., Chief of the Dairy Division, under the direction of Dr. D. E. Sal- 
mon, Chief of the Bureauof Animal Industry. Pp. 53, diagrams 5, map 
oe No. 11 (Dairy No.1). Price Scents. (Reprint.) October, 
ne tS fet. Seen. eee et fo ecocs ULE 

The Dairy Industry in Nebraska, South Dakota, and North Dakota. By 
John H. Monrad, Special Expert Agent, Dairy Division, under the direc- 
tion of Dr. D. E. Salmon, Chief of the Bureau of Animal Industry. Pp. 
21. Bulletin No. 16 (Dairy No.7). December,1896. Price 5 cents.--- 
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DIVISION OF BOTANY. 

Contributions from the U.S. National Herbarium, Vol. III, No.3. Flora 
of ee Sand Hillsof Nebraska. By P.A. Rydberg. Pp.v, 133-203, pis. 2 
fig.1. ‘September, 1895. «(Exihausted) ..0 2-2-2222 0k ae 

Contributions from the U.S. National Herbarium, Vel. III. No. 4. Report 
on a Collection of Plants made by J. H. Sandberg and Assistants in 
Northern Idaho in the Year 1892. By John M. Holzinger. Pp.v, 203- 
287,v. Movember, 1999. -(ixheasted) . 222.224.2502 

Contributions from the U.S. National Herbarium, Vol. II], No.5. Report 
on Mexican Umbelliferze, Mostly from the State of Oaxaca, Recently 
Collected by C. G. Pringle and E. W. Nelson. By John M. Coulter and 
J. N. Rose.—Descriptions of Plants, Mostly New,from Mexico and the 
United States. ByJ.N. Rose. Pp. v, 289-3823, ii, pls. 5-16. December, 
1895. (Bighdested) - ees ee 2 ae ee 

Contributions from the U.S. National Herbarium, Vol. III, No.6. Botany 
of Yakutat Bay, Alaska. By Frederick V. Coville. Witha Field Report 
by Frederick Funston. Pp.iii, 325-353,ii. January,i896. (Exhausted) _ 

Contributions from the U.S. National Herbarium, Vol. TlI,No.7. Pre- 
liminary Revision of the North American Species of Echinocactus, 
Cereus,and Opuntia. By John M. Coulter. Pp. iii, 353-462,iv. April, 
1896. < rep 20 cents 5.0222 n.d ee eee 

Contributions from the U.S. National Herbarium, Vol.1I,No.8. Flora 
of the Black Hills of South Dakota. By P. A. Rydberg. Pp. v, 463-536, 
iv, pls. 14230. ume, 1836. Price #0-cents_. ..... .. 2 2. 1 eee 

Reprint, November, 1836 opie eke oe oe ee 
Contributions from the U.S. National Herbarium,Vol. UI, No.9. I. Flora 

of Southwestern —roiae, Report ona Collection of Plants made by C. 
H. Thompson in 1893. ByA.S. Hitchcock. II. Crepis Occidentalisand 
its Allies. By Frederick V.Covilie. Ili. Plants from the Big Horn 
Mountains of Wyoming. By J. N. Rose. IV. Leibergia, a New Genus 
of Umbelliferz from the Columbia River Region. By John M. Coulter 
and J. N. Rose. V. Roseanthus, a New Genus of Cucurbitacee from 
Acapulco, Mexico. By Alfred Cogniaux. Pp.v,537-612, vii, pis. 21-28. 
August, 1696." Brace 10.cenils -. 2. 22. cb 2 eee 

Pure Seed Investigation. By Gilbert H. Hicks, Assistant, Division of 
Botany. Pp. iii, 389-408, figs. 83-91, from Yearbook for 1894. September, 
T6905 | 2 Se Nee se i eee 

Weeds; and How to Kill Them. Lyster H. Dewey, Assistant Botanist. 
Pp. 31, figs.11. Farmers’ Bulletin No. 28. (Reprint.) October, 1895__ 

Reprint, Jannary, 1896 — 22. = Se ee 
Repasnt, Septentber, 1606. 0 2.6.2 45c22) tb. 2 eee 

The Russian Thistle. By Lyster H. Dewey, Assistant, Division of Botany. 
Pp. 8, figs.3. Circular No. 3. Revised edition. December, 1895______- 

Legislation Against Weeds. By LysterH. Dewey. Pp.60. Bulletin No. 
17. January, 1696. Price 5S cents... ws. ea 

Standards of the Purity and Vitality of Agricultural Seeds. By Gilbert 
H. Hicks, Assistant, Division of Botany. Pp.4. Circular No.6. May, 
EI oe a a ce Ce eee ee eee 

Tumbling Mustard (Sisymbrium altissimum). By Lyster H. Dewey, 
Assistant Botanist. Pp. 8,figs.38. Circular No.7. Jume,1896____-__- 

Some Additions to Our Vegetable Dietary. By Frederick V. Coville, 
Botanist. Pp. 205-214, figs. 37-45, from Yearbook for 1895. June, 1896_ 

Oil-producing Seeds. By Gilbert H. Hicks, Assistant, Division of Botany. 
Pp. 185-204, figs. 26-36, from Yearbook for 1895. June, 1896______.______ 

Testing Seeds at Home. By A. J. Pieters, Assistant, Division of Botany. 
Pp. 175-184, figs. 23-25, from Yearbeok for 1895. June,1896___________- 

Crimson Clover Hair Balls. By Frederick V. Coville, Botanist. Pp. 4, 
fies. 3: 40ireular Riess. oduly, 1896 2.6.0 eens Se ee eee 

Flora of Southwestern Kansas. Report on a Collection of Plants made 
by C, H. Thompson in 1893. By A.S. Hitchcock. Pp. iv, 537-557, from 
Contributions from the U. 8. National Herbarium. Vol. Ill, No. 9. 
Aveta ASGB) = a0 pte ree ol ee ee tee 

Plants from the Big Horn Mountains of Wyoming. By J. N. Rose. 
Leibergia, a New Genus of Umbelliferee from the Columbia River Re- 
gion. ‘By John M. Coulter and J. N. Rose. Roseanthus,a New Genus 
of Cucurbitacez from Acapulco, Mexico. By Alfred Cogniaux. Pp. tv, 
567-578, figs. 27 and 28, from Contributions from U.S. National Herba- 
rium. Vol. I, No.9. Ancast, 1896 25.0.2. ees, cee 
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pees 

Two Hundred Weeds: How to Know Them and How to Kill Them. By 
Lyster H. Dewey, Assistant, Division of Botany. Pp. 21,from Year- 
Perec tO) ds) Saye. a | 2S emt ae oleae. eek. 2 

DIVISION OF CHEMISTRY. 

Mineral Phosphates as Fertilizers. By H. W. Wiley, Chemist. Pp. iii, 
177-192, figs. 16 and 17, from Yearbook for 1894. August, 1895.__._____ 

Analyses of Cereals Collected at the World’s Columbian Exposition and 
Comparison with other Data. By Harvey W. Wiley, Chief of Division 
of Chemistry. Pp. 57. Bulletin No. 45. September, 1895. Price 5 

als Sas ee ee ee ee ee el ee ee ee ee a ee 

PRR VMS Goats seers. SIE OP 5 55 aes oes = es ase SORES Nes Co 
RaennaP Tae Bebe UROL oS be tS I a BO NLU EID Pug Se 

Methods of Analysis Adopted by the Association of Official Agricultural 
Chemists, September 5, 6, and 7, 1895. Edited by Harvey W. Wiley, 
Secretary, with the Collaboration of L. L. Van Slyke and W. D. Bige- 
low, Editorial Committee. Pp. 84, figs. 4. BulletinNo: 46. February, 
EDI MEIAENCG ey CONS fot ts es I Be bow Us Ue eee 

Zinc in Evaporated Apples. By Harvey W. Wiley, Chief of the Division 
of Chemistry. Pp. 38. Bulletin No. 48. April, 1896. Price 5 cents___ 

Proceedings of the Twelfth Annual Convention of the Association of 
Official Agricultural Chemists, held in Washington, D. C., September 5, 
6,and 7, 1895. Edited by Harvey W. Wiley, Secretary of the Associ- 
ation. Pp. 172, figs. 2. Bulletin No. 47. April, 1896. Price 10 cents_ 

Soil Ferments Important in Agriculture. By Harvey W. Wiley, Chief of 
the Division of Chemistry. Pp. 69-102, figs. 2,from Yearbook for 1895. 
Pure mene Ry etes ¥ ae ETS Teed) oe 2 ee es SO) 2 he 

DIVISION OF ENTOMOLOGY. 

Mexican Cotton Boll Weevil (Anthonomus grandis Boh.). By L. O. 
Howard, Entomologist. Pp. 6. (Spanish edition.) Circular No. 6. 
SIERRA 8505 2-209 a5. 5 Ss so Sena) denned eet G 2k =x J aces SS 

Insect Life, Vol. VII, No. 5. Pp. iii, 361-448, v, figs. 87-48. August, 1895. 
eh Se is A ie re ey ee ae SS uz 

Some Scale Insects of the Orchard. By L. O. Howard, M. 8., Entomolo- 
gist. Pp. iii, 249-276, figs. 26-42, from Yearbook for 1894. August, 1895_ 

The More Important Insects Injurious to Stored Grain. By F. H. Chit- 
tenden, Assistant Entomologist. Pp. iii, 277-294, figs. 43-51, from Year- 
peoweraranos.; Aussi, 1805-02 aos ale Lt bigbiaes, Saris! 

Revision of the Aphelinine of North America, a Subfamily of Hymen- 
opterous Parasites of the Family Chalcidide. By L. O. Howard, Ento- 
mologist. Pp. 44, figs.14. Technical Bulletin No.1. September, 1895. 
nnnierers ee aes i) ae Se Se ed 8 lee 

The Hessian Fly (Cecidomyia destructor Say). By C. L. Marlatt, First 
Assistant Entomologist. Pp. 4. Circular No. 12. September, 1895 ___ 

Important Insecticides: Directions for their Preparation and Use. By C. 
L. Marlatt, First Assistant Entomologist. Pp. 20. Farmers’ Bulletin 
Ne. 19. (Reprint.) January, 1896 .____-- fee eit: Be See 
RE RIEL ORG St. Sr SO tee ie 2 fm 28 Se 

The Honey Bee: A Manual of Apiculture. By Frank Benton,M.S. Pp. 
118, pls. 11, figs. 76. Bulletin No.1, newseries. January,1896. Price 
SRE ne NE en Oe ee ee en 8 URE 
iopmap (Gongressional), April, 1896: hae, 2. ek 

Proceedings of the Seventh Annual Meeting of the Association of Eco- 
nomic Entomologists. Pp. 100, fig. 1. Bulletin No. 2, new series. 
Ee BRR ie FE TICOily; CONUS = 2). ees 8. eae sess SE 

Mosquitoes and Fleas. By L. O. Howard, Entomologist. Pp. 4. Circu- 
BamMieets. “Nh ODTUALY, 1000: CUA _ siete) be FE A 

Insects of the Year in Ohio. By F. M. Webster, Wooster, Ohio. Pp. 
84-91, from Bulletin No. 2, new series. February, 1896 _....-..-.----- 

General Work Against Insects Which Defoliate Shade Trees in Cities and 
Towns. By L. O. Howard, Entomologist. Pp. 4. Circular No. 15. 
SRAM TD Ue eee ite ee a er nee SOC O enon ac ato scene e eens 
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Copies. 
The Mexican Cotton Boll Weevil. By L. O. Howard, Entomologist. Pp. 

8, figs. 5. Circular No. 14, revision of Circular No. 6. March, 1896_._ 5, 
The San Jose Scale: Its Occurrence in the United States, with a Full 
Account of Its Life History and the Remedies to be Used against It. 
By L. O. Howard and C. L. Marlatt. Pp. 80, frontispiece, figs.8. Bul- 
letin No. 3, new series. March, 1896. Price 10 cents __.._...-_._..-.- ere 

The Grass and Grain Joint-worm Flies and Their Allies: A Consideration 
of Some North American Phytophagic Eurytomine. By L. O. Howard, 
Entomologist. Pp. 24, figs.10. Technical Bulletin No.2. March, 1896. 
Price 5:.cenis22. coco. ce oo see Sees 4.23 ae ee eee if 

Some Mexican and Japanese Injurious Insects Liable to be Introduced 
into the United States. Pp. 56, figs. 6. Technical Bulletin No. 4, new 

000 

500 

500 

series... May, 1896;..-Price:6 cents ssa eee 1,500 
El Picudo 6 Gorgojo Mexicano de la Capsula del Algodéu (Anthonomus 

grandis). By L. O. Howard, Entomologist. Pp. 8, figs. 5. Circular 
No; 14, .May, 1996...c%,....ds bs he a Se ee 3, 000 

Revision of the Nematinz of North America, a Subfamily of Leaf-feeding 
Hymenoptera of the Tenthredinide. By C. L. Marlatt, First Assistant 
Entomologist. Pp. 135, pl. 1, figs.10. Technical Bulletin No.3. June, 
1896, .Price 10: cents ..- .22¢ 2-202). 3. Ba Pea eet ee ee i 

The Principal Insect Enemies of the Grape. By C. L. Marlatt, First 
Assistant Entomologist. Pp. 385-404, figs. 94-105, from Yearbook for 
1895.; June; 18962. i sno oases eee 

Important Insecticides: Directions for their Preparation and Use. By 
C. L. Marlatt. Farmers’ Bulletin No. 19. Pp. 24. (Reprint.) July, 1895_ 

The Larger Cornstalk Borer (Diatrea saccharalis Fab.). By L. O. How- 
ard, Entomologist. Pp. 3, figs. 3. Circular No. 16. September, 1896__ 5, 

The Peach Tree Borer. By C. L. Marlatt, Assistant Entomologist. Pp. 
4, fig. 1. Circular No. 17, second series. November, 1896_......---.-- 5; 

Tho Principal Household Insects of the United States. By L. O. Howard 
and C, L. Marlatt, with a Chapter on Insects Affecting Dry Vegetable 
Foods. By F.H. Chittenden. Pp. 130, figs. 64. Bulletin No. 4, new 

20, 

000 

500 

000 

000 

000 

series. -October, 1896. Price,10. cents... -. . Sus eee 5, 000 
Insects Affecting Cereals and Other Dry Vegetable Foods. By F. H. 

Chittenden, Assistant Entomologist. Pp. 112-130, figs. 52-64, from 
The Principal Household Insects of the United States, Bulletin No. 4. 
November, 1896.2 2=- ~.<-254 sages oe ose eee ee 

Bibliography of the More Important Contributions to American Economic 
Entomology. By Samuel Henshaw. Part V—The More Important 
Writings of Government State Entomologist and Other Contributors to 
the Literature of American Economic Entomology. L-Z. Pp. 179. 
(Congressional). December, 1896... ._ 2.2 soo: 2422. +-0--s2nSeeseeeeeee di, 

Insects Affecting Cereals and Other Dry Vegetable Foods. By F. H. 
Chittenden, Assistant Entomologist. Pp. 112-130, figs. 52-64, from 
The Principal Household Insects of the United States, Bulletin No. 4. 
(Reprint.) 9: December, 1696 29. ..22 2222242. 2sd ce eS eee 

Proceedings of the Eighth Annual Meeting of the Association of Economic 
Entomologists. Pp. 100, figs. 5. Bulletin No.6. December, 1896, Price 

200 

000 

200 

0: cents ae. tee Be). oe et ee ee 2,000 
Insects Affecting the Cotton Plant. By L. O. Howard, Ph. D., Entomol- 

ogist. Pp. 815-350, pls. 4, figs. 9-29, from Bulletin No. 33, Office Experi- 
ment Stations (The Cotton Plant.) December, 1896_.......-.--_.----- 

The Shade-tree Insect Problem in the Eastern United States. By L. O. 
Howard, M.S., Entomologist. Pp. 361-384, figs. 83-93, from Yearbook 
for. S9D te by G96. 2: 2c os epee eee a eee 

OFFICE OF EXPERIMENT STATIONS. 

Experiment Station Record. [A condensed record of the contents of the 
bulletins and reports issued by the Agricultural Experiment Stations of 
the United States, and also a brief review of agricultural science of the 
world.] Price 5 cents each. 

500 

500 

Vol. VI, No. 10. Pp. vi, 851-944. (Reprint.) October, 1895__-___+- 1, 000 
Volk, Vi, No. 11.. Pp. vi, 945-1032. July, 1895 322... /222- 22 8, 000 

Reprimt;October,/d895 -. 2) 2 tl ee ee eee 1,000 
Vol. Vi,No. 12.) -Pp24033=1134; xii. -Mareh;1896¢_2. 2S ee 5, pot 

5 Reprint Aprils te96 ssw cle ok Ae ie een eee ee 
Vol. VII, No. 1. Pp. v, 74, figs..2. September, 1895"... 2. .-22. 22-223 8, 000 
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Experiment Station Record—Continued. Copies. 
Vol. VII, No. 2. Pp. vii, 75-166, pls. 2. September, 1895 ......._._. 8, 000 
MOL Vit, No. a. Pp. vi; 167-262>" November; 1895_- 2. . 2. 2... ee 8, 000 
Vol. VII, No. 4. Pp. v, 261-342. January, 1896 _.-.._-- * ela Se Sees 5, 000 

Reprint, a lc PGC Cine wee eee eee re ene meee) Te Ee 1,000 
Vol. VII, No. Pp, ¥,s40 495, Pebrunry, 189Gs ge 26 et 2 6, 009 
Vol. VII, No. 6. Pp: vis 400-0et, Nay, 1606s 2 Se. eee A 6, 000 
Vol. Vil, No: 7. Pp. ¥; "535-632, Wyrety?, SEOG 7s = = eee eee een ee eee 6, 000 
elaVviil Nao: 62° Pp:-v; 633-722.’ June, 1896-2). el ee 6, 000 
moe vie, Nord. Pp. v,-120-014. “August, 1896. 2222 22 See 6, 000 
Vol. Vil, No. 10. Pp. vi, 815-901. September, 1896__........_.__._- 6, 000 
Vol, Vil, No. 11: Pp. vi, 9035-996. October, 1896 _.._.....22.... 2 6, 000 
Mole Vill No. 1. Pp. vi, 1-94 “November; 1896. .-.2 2 222s 4,000 
WoleVill, No.2. Pp.’vi, 95-176. November, 1896... .2 2.22.2 02. 4,000 
Vol. VIII, No. 3. Pp. vi; 177-268. 7 Deeembpor: 18960. ee 4,000 

Souring of Milk and Other Changes in Milk Products. Pp. 23. Farmers’ 
Puce. coe) Ameush 1 OGn els kL 220 ee oh ere ere ie 50, 000 

Reprint, October, Pee E Dates Got Ow ih Veet oa lores Aine 25, 000 
meaner ourtnrys legos eek Or Sl oe ee Aa 20, V0G 
Dernen THRE LOO noe e. Ned Se ee er ANA Sete wore) Bes 30, 000 
Smemrarinisecom Wer L806! Fla) oe 28 ECk Ie AES HG eee 15, 000 

The Rape Piant: Its History, Culture, and Uses. By Thomas Shaw, Pro- 
fessor of Agriculture in the Ontario Agricultural College. Pp. 20, figs. 
4. Farmers’ Bulletin No. 11. (Reprint.) October, Hea ACER» Leet: 4, 000 
OE egy Zic sc on cag 2 yj SS ek A SS OR ea” Genes 15, 000 

Peanuts: Culture and Uses. By R. B. Handy, of the Office of Experiment 
Stations. Pp. 24, fig. 1. Farmers’ Bulletin No. 25. (Reprint.) Octo- 
Ree net es Parc ott. ee he OR ee 28 al 12, 000 
(EES ie OST aM oie ak oS a, SG a ee ea A 10, 000 
MemeernrWCtORer  T50G- ! os. inet ese ce eee oi Pee. 2, 000 

Foods: Nutritive Value and Cost. By W. O. Atwater, Ph. D., Professor 
of Chemistry in Wesleyan University. Pp. 32, charts 2. Farmers’ 
Ballet No-2s. (Reprint.) October, 1895---.2. 22-2. ie ble 10, 000 
Sn MO ANUAL YS LO0G)s tose] Soe BE Sete La oe 2 yea |) eee ete tt 20, 000 
Speier Heb Nuar ys 1OuG. sono sa ees ee Si TES cee 35, 000 
pmeteem nm EU He Tues 5) abe Pa ss LO EN 28 2 ee out ee 20, 000 

Silos and Silage. By Charles 8. Plumb, B.S., Professor of Animal Indus- 
try and Dairying in Purdue University and Director of the Indian Agri- 
cultural Experiment Station. Pp. 31, figs.10. Farmers’ Bulletin No. 32. 
November, preg LUSH. AN Huser Tn ay 68 Vien ite beta 20, 000 
Reareticceniten, 15g0o-- 0S. Mea ee ee 25, 000 
CEI Narco Ome ets folk le Me ee te 2 ee eae 20, 000 
ee SEMte TnI Gs OO Ge weet oe meee LAT) Seek) Le toe 40, 000 

Barnyard Manure. By W.H. Beal, of the Office of Experiment Stations. 
Pp. 32, figs.7. Farmers’ Bulletin No. 21. (Reprint.) December, 1895_._ 25,000 

Reprint, BGDEAny Mel OOO eee seer ere ie OV SE Soe en ee 30, 000 
RES RUT MATIC SUG sams a6 Ree ee ee Soe es onscreen 25, 000 
eee sly el CuGss es sete a eee NL. |) et oes 50, 000 

Sweet Potatoes: Culture and Uses. By J. F. Duggar, of the Office of 
Experiment Stations. Pp. 30, figs. 4, Farmers’ Bulletin No. 26, (Re- 
PnnmODCUATY, LSUGE » sem warts Senn oe ee ek oe ociacceee 10, 000 
Peete NLATGH, LOUG ase eects eee = Pee eet oes De hae 15, 000 
PEPE Ti NULIIG, LouGen ace = eae ao name eee ee en tee, Ue TUS 10, 000 
PeCHSMIN Te EY, LOGO coe foment, 2 aie POS LEE 20, 000 

The Feeding of Farm Animals. By E. W. Allen. Ph. D., Assistant Director 
of the Office of Experiment Stations. Pp.32. Farmers’ Bulletin No. 
PoMmteoprint.)) HNepriary. 1906s. 9. co0 eee ee ee ce 30, 000 
Papeete ear Cnet 106s 3-52. 0 tele ee oe ec eak oe 100, 000 
Peet DOpuein Der, A600 9.2) oo oe see ee So scb deer 50, 000 

Meats: Composition and Cooking. By Chas. D. Woods, of the Office of 
Experiment Stations. Pp. 29, figs. 4. Farmers’ Bulletin No. 34. (Re- 
Gin mo DCUAL Yh OGDOs) seen . ue em hk SL Se 20, 000 
Rep abet, O00... 4). Use eee eee AS) oe Lakto ole. ee 30, 000 
REMMI uly 1000-2 225.2 [25 A. See eae Sec ous. 2 -s 20, 000 

Forage Plants for the South. ByS. M. Tracy, M.S., Director of the Mis- 
sissippi Agricultural Experiment Station. Pp. 30, figs. 17. Farmers’ 
Bulletin No. 18. (Reprint. )" March, 10002 rie. 2. eck eek ge Ns 15, 000 

REC UEINt, -SGL1G, LOVE, Lo as Bons Scam n dat de ke ewe per cons cccctcadeuree 20, 000 
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Leguminous Plants for Green Manuring and for Feeding. By E. W. 
Allen, Ph. D., Assistant Director of the Office of Experiment Stations. 
Pp.24. Farmers’ Bulletin No. 16. (Reprint.) March, 1896__________. 

Fertilizers for Cotton. By J. M. McBryde, Ph. D., President of Virginia 
Agricultural and Mechanical College and Director of Virginia Agricul - 
tural Experiment Station. Pp. SI, Farmers’ Bulletin N o. 14. (Re- 
print.) March,:1896 ... 2.2) :Aic ats «2S e a oe 

Potato Culture. By J. F. Duggar, of the Office of Experiment Stations. 
Pp. 23, figs. 2. Farmers’ Bulletin No. 35. March, 1896._._.........-.. 
ee 4 ‘April, 1896) Hee eet nt ae Bou uO Se ee 
Reprint, June; 1696. . 2.252 2s ee ae es ee, Oe 

Kafir Corn: Characteristics, Culture, and Uses. By C. C. Georgeson, Pro- 
fessor of Agriculture in Kansas State Agricultural College. Pp. 12, 
fig.i. Farmers’ Bulletin No. 37... May, 1806_..-_2.- 20... 22 eee 

Reprint, Jane, 189622 — see NE eo ee 
Proceedings of the Eighth Annual Convention of the Association of 
American Agricultural Colleges and Experiment Stations, held at Wash- 
ington, D. C., November 13-15, 1894. Edited by A. C. True, for the 
Office of Experiment Stations, and H. H. Goodell, for the Executive 
Committee of the Association, Pp. 98. Bulletin No. 24. July, 1895. 
(Pxhagsted) 522 bo thett.. sect. a ee See 

Agricultural Investigations at Rothamsted, England, during a period of 
fifty years. Six lectures delivered under the provisions of the Lawes 
Agricultural Trust. By Sir Joseph Henry Gilbert, M. A., LL. D., 
F.R.S., etc., under the auspices of the Association of American Agri- 
cultural Colleges and Experiment Stations, in November, 1893. Pp. 316, 
frontispiece, pls. 2, figs.6. Bulletin No. 22. July, 1895. (Exhausted). 

Cotton SeedandIts Products. Pp.16. Farmers’ Bulletin No. 36. March, 
$006 22 2< bese Sede ie ees ee Se ee eee 

Reprint, Jue, 18963 22-6 euk 2 a a es eee 
Onion Culture. By R. L. Watts, B. Agr., Instructorin Horticulture atthe 

University of Tennessee, and Horticulturist of the Tennessee Agricul- 
tural Experiment Station. Pp. 31, figs. 3. Farmers’ Bulletin No. 39. 
Muy, 1896.2. - 2oo 2 2 0 eb 8 ee Be 

Reprint, October; 1896.22 11-225. 28s. 23. boas oo + ee 
Scientitic Work of the Department of Agriculture. Address by Dr. Chas. 
W. Dabney, jr., Assistant Secretary of Agriculture, before the Conven- 
tion of the Association of American Agricultural Colleges and Experi- 
ment Stations, held at Washington, D. C., November 13-15, 1894, Pp. ii, 
63-67, from Bulletin No. 24. August, 1895 JJ 1). 2 ee eee 

Education and Research in Agriculture in the United States. By A. C. 
True, Ph. D., Director of the Office of Experiment Stations. Pp. iii, 
81-116, from Yearbook for 1894, Asupust;, 1895*. 5.225 2... =e 

Dairy Bacteriology. By H. W. Conn, Ph. D., Professor of Bic'ogy in Wes- 
aioe University. Pp. 40. Bulletin No. 25. August, 1895, Price 5 

Food Bad Diet. By W. O. Atwater, Ph. D., Professor of Chemistry in Wes- 
leyan University, Director of Storrs (Conn. ) Experiment Station, and 
Special Agent of the U. S. Department of Agriculture in Charge of 
Investigations of Food and Nutrition. Pp. iii, 357-388, and 547-558, figs. 
80-82, from Yearbook for 1894. September, 1996... va2e 

Reprint, March? 1896... - 2. oo oent Soe een te eee 
Agricultural Experiment Stations: Their Objects and Work. By A. C. 

True, Director of the Office of Experiment Stations. Pp. 16. Bulletin 
No. 26. September, 1895... Price 5. cents22)) 2265 sa-e Sse oe eee 

Handbook of Experiment Station Work. A Popular Digest of the Publica- 
tions of the Agricultural Experiment Stations in the United States. Pp. 
411, (Reprint. ) Bulletin No. 15. November, 1895.. Price 25 cents__ 

Reprint; September, M891 i. 5. - 2 yeh ee Be eee 
Report of the Director of the Office of Experiment Stations for 1895. By 
A.C. True. Pp. iii, 131-143, from Message and Documents, Department 
of Agriculture, 1895. Jannary, 1896. .22.255- 22. ces2 eee ee 

Canaigre. By A. C. True, Director. Pp. 4, fig. 1. Circular No. 28. 
(Reprint?) aeMarch 16962... 32. -. -4=t. bees eee eee 

Broom Corn. By A. 'C. True. Pp. 4. Circular No. 28. January, 1826_ 
Work and Expenditures of Agricultural Experiment Stations. By A. C. 

True, Director. Pp. 4. Circular No. 29. March; 1896 s!2c: =. =p. eee 

Copies. 
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Terms of Sale of the Card Index of Agricultural Literature. Pp. 2. 
cars teaeieman ss oe ae ee EERE see Mee) 2A ee Ye eet 

Organization Lists of the Agricultural Experiment Stations and Institu- 
tions with Courses in Agriculture in the United States. January, 1896. 
Pp. 93. Bulletin No. 27.. April, 1896. Price 25 cents...._.._..._.__. x 

Food and Diet. By Prof. W. O. Atwater. (Charts 26 by 40 inches. 
From the Office of Experiment Stations.) Chart 1: Nutrients of Food 
and Their Usesin the Body. Chart 2: Composition of Food Materials— 
Nutrients, Refuse, and Fuel Value. Chart 3: Pecuniary Economy of 
Food—Amountof Nutrients Obtained in Different Materials for 10 cents. 
Chart 4: Dietaries and Dietary Standards—Quantities of Nutrients and 
Energy in Food per Man per Day. April, 1896. Price, tinned, $1; not 
LEG) Eee Re Be Da eae Eek et 2 ee eet ae See oh Me tie 
etn EeMINer aoe. 5. 12> MOO Tae ai 2 se ae eee 

Dietary Studies at the University of Tennessee in 1895. By Chas. E. Wait, 
Ph. D., F.C.8., Professor of Chemistry, University of Tennessee. With 
Comments by W. O. Atwater and Chas. D. Woods. Pp. 45. Bulletin 
mize May. 1896. Price > cents _...--.-..-.-...-..-. ANS Ss ees ee 

Proceedings of the Ninth Annual Convention of the Association of Ameri- 
can Agricultural Colleges and Experiment Stations, heldat Denver, Colo., 
July 16-18, 1895. Edited by A. C. True, for the Office of Experiment 
Stations, and H. H. Goodell, for the Executive Committee of the Asso- 
ciation. Pp.100. Bulletin No. 30. May,1896. Price 10 cents.__.____ 

Irrigation for the Garden and Greenhouse. By L. R. Taft, Professor of 
Horticulture, Michigan Agricultural College. Pp. 233-246, figs. 49-52, 
iii VCAaTpOOx fot Lsep. dup, 1696 felt 8 ee ee 

Origin, Value, and Reclamation of Alkali Lands. By E. W. Hilgard, 
Professor of Agriculture and Agricultural Chemistry, University of 
California. Pp. 103-122, pl. 2, figs. 3-7, from Yearbook for 1895. June, 
na 2 a aia Or SS feo SRR erie Re i ec cape ns gc 

The Chemical Composition of American Food Materials. By W. O. At- 
water, Ph. D., and Chas. D. Woods, B.S. Pp. 47, figs. 4. Bulletin No. 
nr noes rere ss Chemise S28. <5 oS on ee ee eee 

Humus in its Relation to Soil Fertility. By Harry:Snyder, Professor of 
Agricultural Chemistry in the College of Agriculture of the University 
of Minnesota. Pp. 131-142, from Yearbook for 1895. June, 1896__.___ 

Permanent Elements in Experiment Station Work. By A. C. True, Di- 
rector of Office of Experiment Stations. Pp.4. Circular No. 30. June, 
I reer ree er ee ee ee Oe, eee ee 

Farm Drainage. By C. G. Elliott, C. E., member of the American Soci- 
ety of Civil Engineers, Peoria, Ill. Pp. 24, figs. 5. Farmers’ Bulletin 
EE CNR Lert gS ta ee Te oe een 

Fowls, Care and Feeding. By J. C. Watson, B. Agr., M.S., Professor of 
Agriculture in Pennsylvania State College and Agriculturist of the Penn- 
sylvania Agricultural Experiment Station. Pp. 24, figs. 4. Farmers’ 
TEL akes icc Sh ico lege gl fv lye UPC) See pate Pe Sp ae 

Dietary Studies at the University of Missouri in 1895, and Data Relating 
to Bread and Meat Consumption in Missouri. By H. B. Gibson, S. Cal- 
vert, and D. W. May, University of Missouri. With Comments by W. 
O. Atwater and Charles D. Woods. Pp. 24. Bulletin No. 31. Au- 
Seer ieee.) 2 Pee awemaae ete ey Coe) ee Ses) 
RE Ceo co, i ae A ee ts 9 a Ee a 

Dietary Studies at Purdue University, Lafayette, Ind., in 1895. By Win- 
throp E. Stone, Ph. D., Professor of Chemistry, Purdue University. With 
Comments by W. O. Atwater and Charles D. Woods. Pp. 28. Bulletin 
MOnoc ous Bogbn., Erie peeks! “5 8) Ss ewe Fo de 
Fe ee oe |, aed eee es ot | a 

Sewage Disposal on the Farm, and the Protection of Drinking Water. By 
Theobald Smith, M. D., Professor in Harvard University, Pathologist to 
the Massachusetts State Board of Health, etc. Pp. 20, figs. 8. Farm- 
Gin Gases On 48. < SOPREMUICT -AOeGes feet set eo le 

Commercial Fertilizers: Composition and Use. By Edward B. Voorhees, 
M. A., Director of the New Jersey Agricultural Experiment Stations 
and Professor of Agriculture in Rutgers College. Pp. 24. Farmers’ 
mulcwme 20. 44, September, 18062 202i oo ek ek eee 
ue DTaie, PeCOM DAT. AGRO ol shh et seh eS ee tk AU 2 
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Physiological Réle of Water in Plants. By Edmond Gain, Professor of 
Agricultural Physiology and Chemistry, University of Nancy, France. 
Pp. 21, fig. 1, from Experiment Station Record, Vol. VIII, No. 1. 
November 896-2222) 22s oak a eee ee ee ee ene ee 

Some Books on Agriculture and Agricultural Science Published in 1893- 
1896. Compiled under the supervision of A. C. True, Ph. D., Director 
of Office of Experiment Stations. Pp. 176. Circular No. 31. Novem- 
eR 1S9G 2 ook See Le ee es ee eee 

Irrigation in Humid Climates. By F. H. King, Professor of Agricultural 
Physics, College of Agriculture, University of Wisconsin, Physicist of 
the Wisconsin Agricultural Experiment Station. Pp. 27,fig.4. Farm- 
ers’ Bulletin No. 46.» December;489G2<2 &. 35) oe ee eee 

The Cotton Plant: Its History and Botany, Chemistry, Culture, Enemies, 
and Uses. Prepared under the supervision of A. C. True, Ph. D., Di- 
rector of the Office of Experiment Stations. With an Introduction by 
Charles W. Dabney, jr., Ph. D., Assistant Secretary of Agriculture. Pp. 
433, pls. 4, figs. 32. Bulletin No. 33. December, 1896. Price 35 cents - 

OFFICE OF FIBER INVESTIGATIONS. 

A» Report on the Cultivation of Ramie in the United States, with State- 
ments Concerning the Practice in Foreign Countries, Costof Cultivation 
and Percentages of Yield, the Machine Question, and Preparation of the 
Fiber for Manufacture. By Chas. Richards Dodge,Special Agent. Pp. 
63, pls. 5, figs. 7. Bulletin No.7. August, 1895. Price 10 cents -__-__. 

Facts Concerning Ramie. By Chas. Richards Dodge, Special Agent in 
Charge of Fiber Investigations. Pp. iii, 443-460, pls. 4 and 5, figs. 
171-115, from Yearbook for 1894. October, 1895222. - co. 2. ee 

Flax for Seed and Fiber in the United States. By Chas. Richards Dodge, 
Special Agent of Fiber Investigations. Pp. 16. Farmers’ Bulletin No. 
27. (Reprint.) . November, 189522. ...3_ 22-2260 28-2 == ee a 

Reprint, March, 1896... ... .- 422. os2 2 ee ee ee 
Hemp Culture. By Chas. Richards Dodge, Special Agent in Charge of 

Fiber Investigations. Pp. 215-222, from Yearbook for 1895. June, 1896_ 
A Report on the Culture of Hemp and Jute in the United States, with 

Statements Concerning the Practice in Foreign Countries, the Prepara- 
tion of the Fiber for Market, and Remarks on the Machine Question. 
By Chas. Richards Dodge, Special Agent. Pp. 43, pls.3, figs. 4. Report 
No. 8 December, 1896. . Price 10 cent... 2-2 ea2- 5 St eee 

DIVISION OF FORESTRY. 

Some Foreign Trees for the Southern States. Prepared under the direction 
of B. E. Fernow, Chief of the Division of Forestry. Pp.32,pls.3. Bul- 
Jetimn No. 11. October, 1895. . Price 5 cents ..__-..2.5...02¢+.. 255 

Forestry for Farmers. By B.E. Fernow, Chief of the Division of Forestry. 
Pp. v, 461-500, figs. 116-130, from Yearbook for 1894. October, 1895_.._. 

Timber: An Elementary Discussion of the Characteristics and Properties 
of Wood. By Filibert Roth, Special Agent in Charge of Timber Physics, 
under the direction of B. E. Fernow, Chief of the Division of Forestry. 
Pp. 88, figs.49. Bulletin No. 10. December,1895. Price 10 cents-_-___- 

Facts and Figures Regarding our Forest Resources Briefly Stated. Pp. 
8). Cirendlar Noali.:. february; 1896 2-2 2 eee eee 

Economic Designing of Timber Trestle Bridge. By A.L. Johnson, C. E. 
Prepared under the direction of B. E. Fernow, Chief of the Division of 
Forestry. Pp. 57, figs. 7. Bulletin No.12. February, 1896. Price 5 
Gents. 25) se eee eee ss 2 See eee 

Southern Pine—Mechanical and Physical Properties. Pp.12,figs.4. Cir- 
cular No; 42... April-isogerss.:. .. kee ee eee 

Forest Fire Legislation in the United States. Pp.8. By B.E. Fernow, 
Chief of the Division of Forestry. Circular No.13. April, 1896 __.___- 

Is Protection Against Forest Fires Practicable? By B.E. Fernow, Chief 
of the Division of Forestry. Pp.4. CircularNo.14. May, 1896_._----- 

_ The Relation of Forests to Farms. By B. E. Fernow, Chief of the Division 
of Forestry. Pp. 333-340, figs. 80-82, from Yearbookfor1895. June, 1896_ 

Reprint, July 8062) = se a se ne eee 

Copies. 

1, 000 

~ 4,000 

5, 000 

10, 000 



PUBLICATIONS ISSUED JULY 1, 1895, TO DECEMBER 31, 1896. 

Tree Planting in the Western Plains. By Charles A. Keffer, Assistant 
Chief, Division of Forestry. Pp. 341-860, from Yearbook for 1895. 
SiesaT eal pty eee eo 0 eee ~ 28 Ad VN es ee) x ee Pi Sete AB a eck at ok 

Climate, Soil Characteristics,and Irrigation Methods of California. By 
Charles W. Irish, Chief of the Office of Irrigation Inquiry. Pp. 475-486, 
pls. 6 and 7, figs. 123-127, from Yearbook for 1895. JuneH SIGs ss 212 

The Lessons of Erosion Due to Forest Destruction. ( Chart, size 801 by 484 
Pepe ee OGLONOL alo UG ese eae ee i ey At eee) ered eee 

The Timber Pines of the Southern United States. By Charles Mohr, 
Ph.D. Together with a Discussion of the Structure of Their Wood. By 
Filibert Roth. Prepared under the direction of B. E. Fernow, Chief of 
the Division of Forestry. Pp. 160, pls. 27, figs.18. Bulletin No.13. Oc- 
Pt ems dGee ET icelop CENtsis_.2 oes 5. feet sete a: orth 92,5 SENG oe ese 

LIBRARY. 

List of Publications of the U. S. Department of Agriculture from 1841 to 
June 30, 1895, inclusive. Pp. 76. Bulletin No. 9. February, 1896___-_ 
PERU Ch OOG Mes cheese No Ns iis lee ee occ aes oe ee 

A Pioneer in Agricultural Science. By W. P. Cutter, Librarian. Pp. 
493-502, fig. 128, from Yearbook for 1895. June, 1896_____._____..____- 

Accessions to the Department Library April-June, 1895. Pp.11. Bulle- 
nema (Ciiitio,) Aupisty 1890.- 7 022.22. 2222 PL in 2122 

Accessions to the Department Library July-September, 1895. Pp. 11. 
Pom No, 5. .(Cuarto.). November, 1895._..-__..._-__-..-....--..- 

Accessions to the Department Library October-December, 1895. Pp. 14. 
Bavoga No, 10, .(Quarto,) . Kebruary,, 1896_.. =. 5-252. -.2--- 

Accessions to the Department Library January-March, 1896. Pp. 15. 
Meo dcll.. (Quarto.) May 1806.9 2.2. uk be. este A 

Library Bulletin No. 12. Accessions to the Department Library April- 
mone. 1506... Pp, 14... (Quarto.) August, 1896 -.. 2. :-- 2 52 ee 

Accessions to the Department Library July-September, 1896. Pp. 10 
ROReRESPOIT SE BUSY eo oy i ee ce in ck eee ok LS PONE a eT 

DIVISION OF ORNITHOLOGY AND MAMMALOGY. 

North American Fauna No. 10. Revision of the American Genera Blarina 
and Notiosorex. By C. Hart Merriam.—The Long-tailed Shrews of the 
Eastern United States. By Gerrit S. Miller, jr.—Synopsis of the Ameri- 
can Shrews of the Genus Sorex. ByC. Hart Merriam. Pp. 124, pls. 12, 
Hope ee Mecomper, 1895. Price lO: cents. s2<2 52-2 s--t- So see se aeeee . 
Pe ini HOON AL f Odi r= 0 e258 eo Boe Ghat Jen cSecs on Stews 
CUS DT, dilhyalls tia a ee Ee ee ee ete eee ae Se eee eee 

North American Fauna No.11. Synopsis of the Weasels of North Amer- 
ica. By C. Hart Merriam. ae 44, pls. 6, figs. 16. June, 1896. Price 
ee Ee ie eee ar bs Fee eae oP EN oe adeno sauces 

Paee DOP LOULDGr Plauen. Sh. eee ne ae Si ol acm tee aes 
Preliminary Report on the Food of W oodpeckers. By F.E.L. Beal, Assist- 

ant Ornithologist.—The Tongues of Woodpeckers. By F. A. Lucas, 
Curator, Department Comparative Anatomy, U.S. National Museum. 
Pp. 44, pls. 3, figs. 4. Bulletin No.7. August, 1895. Price 10 cents-- 

The Geographic Distribution of Animals and Plants in North America. 
By C. Hart Merriam, Chief of Division of Ornithology and Mammalogy. 
Pp. iii, 203-214, figs. 20, from Yearbook for 1894. August, 1894__-..--- 

Hawks and Owls from the Standpoint of the Farmer. By A. _ Fisher, 
M. D., Assistant Ornithologist. Pp. iii, 215-232, pls. 3, figs. 21-24, from 
Yearbook for 1894. Sante bermdens > Ui ie be eos fe. 23k 

The Crow Blackbirds and Their Food. By F.E.L. Beal, Assistant Orni- 
thologist. Pp, iii, 233-248, fig. 25, from Yearbook for 1894. September, 

Tongues of Woodpeckers. By F. A. Lucas, Curator, Department Com- 
parative Anatomy, U. 8. National Museum. Pp. 35-44, pls. 3, from 
nici ovr. coepuemiber, 189b.2- »eee2 258. Sou os eee se ose ee 

The Common Crow of the United States. By Walter B. Barrows and 
E. A. Schwarz. Pp. 98, pl. 1, figs. 2. Bulletin No. 6. October, 1895. 
PLlr: IGT ee er ot ee cee 6 eee ere 

Report on the Insect Food of the Crow. By E. A. Schwarz, Assistant, 
Division of Entomology. Pp. 57-67, from ‘Bulletin No. 6. December, 
Sot 27 Sty SOME Soa Jip cze Hed edieeueu settee tas cnt deoetuet 
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Long-tailed Shrews of the Eastern United States. By Gerrit §. Miller, jr. 
Pp. ii, 35-62, pls. 4-6, fig. 1, from Fauna No. 10. February, 1896 _____- 

Synopsis of the American Shrews of the Genus Sorex. By C. Hart Mer- 
riam, Chief of the Division of Ornithology and Mammalogy. Pp. ii, 
57-06, pla. 7-12.; February) 1688 6223 2b bo eit ae ae eee ee 

The Jack Rabbits of the United States. By T. 5. Palmer, M. D., Assist- 
ant Chief of Division. Pp. 84, frontispiece, pls. 6, figs. 2. Bulletin No. 
S. “March, 1896.:. Price 10 eens 2. oe cen ene eee 

Four Common Birds of the Farm and Garden. By Sylvester D. Judd, 
Assistant Ornithologist.—The Meadow Lark and Baltimore Oriole. By 
F. E. L. Beal, Assistant Ornithologist. Pp. 3, 405-430, figs. 106-111, 
from Yearbook for 1898. June, 1896. ..202.20 40... -eoe ee 

Four Common Birds of the Farm and Garden. By Sylvester D. Judd, 
Assistant Ornithologist. Pp. 405-418, figs. 106-109, from Yearbook for 
RB9Os ane, Levos cs == NLS Ieee os BS eee er 

The Meadow Lark and Baltimore Oriole. By F. E. L. Beal, Assistant 
Ornithologist. Pp. 419-430, figs. 110 and 111, from Yearbook for 1895. 
sume; 1896. ee ob ck sa oe ee Se ee ee eee 

North American Fauna No. 12. Genera and Subgenera of Voles and 
Lemmings. By Gerrit S. Miller, jr. Pp. 84, pls. 3, figs. 12. Division 
of Biological Survey. July,1896. Price 10 cents___.-.-.....-.-.-...-- 

Bird Day in the Schools. By T. S. Palmer, Acting Chief of Division. 
Pp. 4. Circular No. 17, Division of Biological Survey. July, 1896 ..-- 

DIVISION OF POMOLOGY. 

December, 1895. Price 15 cents_.- ~~... 2 as. -c. .o  b ee 
Nut Culture in the United States, Embracing Native and Introduced Spe- 

cies. By W. P. Corsa, of the Division of Pomology. Pp. 144, pls. 16 
(2 colored), figs. 2. (Quarto.) March, 1896. (Exhausted) ---..---_-- 

Small-fruit Culture for Market. By William A. Taylor, Assistant Pomolo- 
gist. Pp. 283-294, pl. 5, from Yearbook for 1895. June, 1896.__...._-- 

Notes on Peach Culture. By J. H. Hale. Pp. 10, figs.4. Circular No. 
3, from Report of the Pomologist for 1894. July, 1896 __..__..._-_--- ae 

Prune Culture in the Pacific Northwest. By E. R. Lake. Pp. 7, figs. 3. 
Circular No. 2, from Report of Pomologist for 1894. July, 1896_..__.__- 

Nut Culture. ByH.M.Engle. Pp.4. Circular No.1. With Additional 
Note by Pomoloeist. Atieust, 1896.) 62. 5. con clo csc eee eee 

DIVISION OF PUBLICATIONS. 

Organization of the U.S. Department of Agriculture, and List of Exhibits 
at the Cotton States and International Exposition, Atlanta, Ga., Sep- 
tember 18, 1895, to January 1, 1896. Pp. 16, pls. 3. (16mo.) Septem- 
Mer Abeer + Se LL pe Oe 200 

Report of the Chief of the Division of Pubiications for 1895. By Geo. 
Wm. Hill. Pp. ili, 221-244, from Message and Documents. Department 
of Agriculture, 1895. January, 1806_..2 58 = ee eee 

List of Publications of the U.S. Department of Agriculture Turned Over 
to the Superintendent of Documents. Pp.15. March, 1895___..-..--- 

Index to the Annual Reports of the U.S. Department of Agriculture for 
the Years 1837 to 1893, inclusive. Pp. 252. May,1896. Price 15 cents_ 

List of Farmers’ Bulletins Available for Distribution, with synopsis of 
eyehs) SP pod. elbow ees o. =... eee oo ane 

Circulars of Information, with synopsis of each. Pp. 6. May, 1896 _--_- 
Supplemental List of Publications of the U.S. Department of Agriculture 

for sale by the Superintendent of Documents. Pp.4. September, 1896- 

OFFICE OF ROAD INQUIRY. 

Proceedings of the Good Roads Convention of Texas, held at Turners’ 
Hall, in Houston, Tex., February 19,1895. Pp. 24. Bulletin No. 15. 
suly, 1895:. -Price'bicents.“ 52.2. 2-522. 2 see eee ee ee 

Copies. 

100 

500 

3, 000 

1, 000 
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8, 000 



‘PUBLICATIONS ISSUED JULY 1, 1895, TO DECEMBER 31, 1896. 

Historical and Technical Papers on Road Building in the United States. 
Compiled under direction of Roy Stone, Special Agent and Engineer. 
Pp. 52, figs.7. Bulletin No.17. August, 1895, Price 5 cents...._._._. 

eraar ih. Sm ek tae kk a ee eg to es Oe 
An Act to Provide for the Construction of Roads by Local Assessment, 
County and State Aid. Pp.3. Circular No. 15. September, 1895_--_- 

Addresses on Road Improvement. By Roy Stone, Special Agent and 
Engineer. Pp. 15. Circular No. 14. (Reprint.) September, 1895. __- 

Wide Tires: Laws of Certain States Relating to Their Use, and Other 
Pertinent Information. Compiled by Roy Stone, Special Agent in 
Charge of Road Inquiry. Pp. 16. Bulletin No.12. (Reprint.) Sep- 
PN CE RSG 1 etCo oD COMUSe 4. 92.25: roe ss i en eee te cee ge Se 
Perro Nee OOO ees kao oe iS ee a ee eR oe ee 

State Laws Relating to the Management of Roads Enacted in 1888-1893. 
Compiled by Roy Stone, Special Agentin Chargeof Road Inquiry. Pp. 
95. Bulletin No. 1. (Reprint.) September, 1895. Price 5 cents _____ 

Information Regarding Roadsand Road-making Materials in Certain East- 
ern and Southern States. Pp. 29, maps 5. Bulletin No.7. (Reprint.) 
SEEM orespos | ETIGh OD ;GOUUS: cc a a. ow ces me ape eae ees oe oe 

Proceedings of the Good Roads Convention, held in Richmond, Va., October 
18, 1894. Pp. 62, fig. 1. Bulletin No. 11. (Reprint.) October, 1895. 
LPL TD EY CREE FO a ee ee ee ee eee fee 

Information Regarding Road Materials and Transportation Rates in Cer- 
tain States West of the Mississippi River. Pp. 24, maps 4. Bulletin 
im@.o. (Reprint.) November, 1895. Price 5.cents._.-_--.-_--.--.--- 

Information Regarding Roads, Road Materials, and Freight Rates in Cer- 
tain States North of the Ohio River. Pp.380,maps‘7. Bulletin No. 6. 
Seen.) one. o0b.. ELiCo'D Gents Coo. oo Set ae eee ee 

State Laws Relating to the Management of Roads Enacted in 1894-95. 
Compiled by Roy Stone, Special Agent and Engineer. Pp. 86. Bulletin 
Peete OCtOper. Loons, ELlCe 0 CONS. =. 25-40) Sonn san wecleenee cc eoce 

State Laws Relating to the Management of Roads Enacted in 1894-95. 
Compiled by Roy Stone, Special Agent and Engineer. Pp. v, 87-124. 
Bulletin No. 18—Supplement. November, 1895. Price 5 cents. _..._--- 

Earth Roads: Hints on Their Construction and Repair. Compiled by Roy 
Stone, Special Agent in Charge of Road Inquiry. Pp. 20, figs. 11. Bul- 
letin No. 8. (Reprint.) November, 1895. Price 5 cents........-.---- 
ReeaerE ETO AO se Oe ae atk ante acters SRE oe eee Ee cae 

Report of Committee on Legislation Adopted by the Good Roads Conven- 
tion, held in Richmond, Va., October 10 and 11, 1895. Pp. 6. Circular 
Beer vc DOT. (S00. 2 j.00sns2cnc cee oma acs Seb eceomencceesuess 

State Highways in Massachusetts. By George A. Perkins, Chairman 
Massachusetts State Highway Commission. Pp. iii, 505-512, from Year- 
(OF Su iP rYed hey! SimaAST obs" cal 6° eye |} 1s a ee eS 

Improvement of Public Roads in North Carolina. By Prof. J. A. Holmes, 
State Geologist and Secretary of the North Carolina Road Ihnprovement 
Association. Pp. 111, 513-520, pls.6 and 7,from Yearbook for1894. Sep- 
7 aioe, TNS be ignaleatan cht 8 oR ee FE eae = ay are Ae itl nn 7 00 

Best Roads for Farms and Farming Districts. By Roy Stone, Special 
Agent and Engineer. Pp. iii, 501-504, figs. 131-137, from Yearbook for 
SPORES SUAS Gye ANI Se St OD Ne EE Bn a rtm emi ee 

Origin and Work of the Darlington Road League. By Roy Stone, Special 
Agent and Engineer. Pp. 6, figs. 3. Circular No. 17. October, 1895-- 
Seat LOG. Wes erst = = ope Se ee oct t= ee ee er ee 

Highway Taxation: Comparative Results of Labor and Money Systems. 
oo. Aarciiar No, 16. _(Reprint.) - October, 1695. =. -.........-+-..-- 

Best Roads for Farms and Farming Districts. By Roy Stone, Special 
Agent and Engineer.—State Highways in Massachusetts. By George 
A. Perkins, Chairman Massachusetts State Highway Commission.— 
Improvement of Public Roads in North Carolina. By Prof. J. A. 
Holmes, State Geologist and Secretary of the North Carolina Road 
Improvement Association. Pp. iii, 501-520, pls. 6 and 7, figs. 131-137, 
ey eT OOK OL LO04,, iADUALY, AOUCH <n. wn a te ein one ane 

Note on the Employment of Convicts in Connection with Road Building. 
Compiled by Roy Stone, Special Agent and Engineer. Pp.15, Bulletin 
mois, (neprni) April, 1896. Priced canis ......-.--...--.----2<s 
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Copies. 
Report on Road-making Materials in Arkansas. By John C. Branner, is 

Assistant State Geologist. Pp.11. Bulletin No.4. (Reprint.) April, 
1896:.. Price 5, cents 2023. (2k. 3 oe ee ee ee eee 4,000 

Traffic of the Country Roads. Pp. 4. Circular No. 19. May, 1896_____- 10, 000 
Comments on Systems of Maintaining Country Roads. Pp.7. Circular 

No: 20; May, 1896 2.222) ot See I ote Ce ee 10, 000 
Cooperative Road Construction. By Roy Stone, Special Agent and Engi- 

neer. Pp. 487-492, from Yearbook for 1895. June, 1896__.....-._.---- 1,000 
State Aid to Road Building in New Jersey. By Edward Burrough, Chair- 
man of the New Jersey State Board of Agriculture. Pp. 20. Bulletin 
No. 9. (Reprint.) June,1896.. Price 5 cents... 5.22. 20.0525 5. bee 4,000 

Methods of Constructing Macadamized Roads. Pp.12. Circular No. 21. 
Duly, 1896. 2.2 oes oe ng ee 5, 000 

Tennessee Road Circular. Pp.3. Circular No. 22. August, 1896______- 5, 000 
Money Value of Good Roads to Farmers. By W.C. Latta, Purdue Uni- 

versity. Pp. 4. Circular No. 23. September, 1896_....._..___-._._... 5, 000 
Traction Tests. By Samuel T. Meely, Assistant Engineer, Office of Road 

Inquiry. Pp. 22, pls. 2, figs. 7. Bulletin No. 20. September, 1896. 
Price 10 cents wn os eho0.22 52 ste eo ss ee ok ee ee 5, 000 

DIVISION OF STATISTICS. 

Production and Price of Cotton for One Hundred Years. By James L. 
Watkins, Special Agent. Pp.20. Bulletin No. 9. August, 1895. Price 
CONS 2 a ee ee eee a ee 20, 000 

Reprint, September, 1895. Pp. 16 -._....-+-----.. = 4 ee 100, 000 
Report of the Statistician for 1895. By Henry A. Robinson. Pp. iii, 

111-129, from Message and Documents, Department of Agriculture, 
1895. -December,-1896 2. 2 oss tee ee eee 15, 000 

A Manual of Instructions to Crop Correspondents... New edition, revised 
and corrected. By Henry A. Robinson, Statistician. Pp. 23. June, 
POE 8S ane Ne 8 IS SS SES Se re 25, 000 

Monthly Crop Report, No. 128—July, 1895. To which are appended the 
transportation rates as required by law, together with certain railroad 
and transportation statistics. Pp. 23. July, 1895. Price 5 cents_-___.- 20, 090 

Monthly Crop Report, No. 129—August, 1895. To which are appended 
the transportation rates as required by law, together with certain rail- 
road and transportation statistics. Pp. 24. August, 1895. Price5 cents_ 20,000 

Monthly Crop Report, No. 130—September, 1895. To which are appended 
the transportation rates as required by law, together with certain rail- 
road and transportation statistics. Pp. 24. September, 1895. Price 5 
Geri tas 2s <2 Se oS Ee tee eS SE ee oe ee ee 20, 000 

Monthly Crop Report, No. 131—October, 1895. To which are appended 
the transportation rates as required by law, together with certain rail- 
road and transportation statistics. Pp.20. October,1895. Priceicents_ 20,000 

Monthly Crop Report, No. 132—November, 1895. To which are appended 
the transportation rates as required by law, together with certain rail- 
road and transportation statistics. Pp. 14. November, 1895. Price 5 
CONS 2 ee ee ee ane lo ee er 20, 000 

Monthly Crop Report, No. 133—-December, 1895. To which are appended 
the transportation rates as required by law, together with certain rail- 
road and transportation statistics. Pp. 36. February, 1896. Price 5 
CODA eee ee ee eo Sea = ee a 10, 000 

Reprints, April, 1096 -. <2. 15. Coe ee ee 500 
Monthly Crop Report, No. 133—December, 1895. (Without transporta- : 

tion Tates)}oeep. 16. January, 1896.22) - 3 eo eee 30, 000 
Prices and Numbers of Farm Animals, No. 134—January—February, 1896. 

Pp, 8. Warchen. 2. <r 172, 500 
Monthiy Crop Report, No. 135—March, 1896. Pp.16. April, 1896_....-- 20, 000 
Monthly Crop Report, No. 136—April, 1896. Pp. 7. April, 1896 -_-..--- 20, 000 
Monthly Crop Report, No. 1837—May, 1896. Pp. 8. May, 1896 ....---..- 25, 000 
Summary of Cotton Report for March, 1896. No.135. Pp.4. March,1896_ 55,000 
Crop Report for June, 1896, No. 138—June, 1896. Pp. 8 June, 1896__.. 172,500 
Monthiy Crop Synopsis. [A four-page summary of the condition, pros- 

pects, yields, price, distribution, and consumption of crops, and the 
number and value of farm animals. Issued soon after the 10th of each 
month for promptand wide circulation in advance of the more extended 
monthly crop report, from which it is condensed. ] 

July, 1895, synopsis. (From Report No..128) ---.2..2--22--acoseseee 150, 000 
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Monthly Crop Synopsis—Continued. 
August, 1895, synopsis. (From Report No. 129) ..._.....2-....-.-.-. 
September, 1895, synopsis. (From Report No. 130) -_....----.-..--- 
October, 1895, synopsis. (From Report No. 131)...-.--.-...-..--.-- 
November, 1895, synopsis. (From Report No. 182) .-..-..----.-...-. 
December, 1895, synopsis. (From Report No. 133) .._--..-.--------- 
March, 1896, synopsis. (From Report No. 135) ..--......----------- 
ot, 1896, synopsis. (From Report No. 136) -..._...-._----.-....- 
May, 1896, synopsis. (From Report No. 137) ~........-.....----.--- 

Crop Report for July, 1896. By Henry A. Robinson, Statistician. Pp. 8. 
EG tou Uys boot.) - See ee SUR Ee Ue ee 

Crop Report for August, 1896. Pp. 8. Report No. 140. August, 1896__ 
Crop Report for September, 1896. No. 141. By Henry A. Robinson, Stat- 

Bometatives §DscMeewepvember, 1896.2 =e 22s. 2 a eS 
Crop Report for October, 1896. By H. A. Robinson, Statistician. Pp. 7. 

Perea OR Mess ea ee, = eee a eens SST ed. 2 eee ee FS 
Crop Report for November, 1896. By Henry A. Robinson, Statistician. 
er NOVvOmM Der 1 S00ts esa 25 sas~— Ses oS. KO eee SS 

Railway Charges for the Transportation of Wool. July, 1896. Pp. 30. 
Bulletin No. “10. PAX GO MEA DAS) gl ofS Tes Sa pele Le ye ta PL ek pe IE emi Be Be 

Number and Value of Farm Animals in the United States, and Animal 
Products. 1880 to 1886. Pp. 63. Bulletin No. 11. September, 1896__ 

Acreage, Production, and Value of Principal Farm Crops in the United 
States, 1866 to 1895, with Other Data as to Cotton and Wool. By Henry 
A. Robinson, Statistician. Pp. 8. Circular No.1. August, 1896 __._- 

Reprint, September, USSG Mee” RSS Ep. eR Re Oe DE SF Se et et 
The Wheat Crop of the World. Pp. 2. Circular No. 2, from State report 

of March. August, 1896 SSE Se 2s See ely TIE Re ee 2 2 Ok TOLERATE 
The Farmers’ Interest in Finance. By Henry Farquhar, Assistant Statis- 

tician, Pp. 15, figs. 2. Circular No. 3. December, 1896 ............-. 

DIVISION OF VEGETABLE PHYSIOLOGY AND PATHOLOGY, 

Spraying for Fungous Diseases of the Apple, Pear, and Other Fruits, with 
a Special Consideration of the Subject in its Relations to the Pub- 
lic Health. Pp. 14. Farmers’ Bulletin No. 7. (Reprint.) August, 
inn Heme arn ees! © hhh xe eee te eee On cee 

Grape Diseases on the Pacific Ccast. — Newton B. Pierce, Division of 
Vegetable Physiology and Pathology. Pp. 15, figs. 3. Farmers’ Bul- 
PEO MATIC USh SuOm aes ast ee en ta ee Ree 

Rareenitinns OCOPO UCL MEOUIe Le seca oman Shak woul ob. Sees seme. Ue 
en SAaD RCT Cee OU Gta r tom 02s eee core oe ee A ere tos 

Peach Growing for Market. By Erwin F. Smith, Division of Vegetable 
Physiology and Pathology. Pp. 23, figs. 21. Farmers’ Bulletin No. 33. 
RDEV ORL SSOP ee oat enn aE Ree EE Ge cle Seton aca mte sem 
eprint whOproary= VOU at ey essen et elle oye ee eae 
(Sie Diary bate GRC 0 gS a dee dnt 9 i a ae 

Some Destructive Potato Diseases: What They Are and How to Prevent 
Them. By B.T. Galloway, Chief of the Division. Pp. 8, figs.3. Farm- 
ereebulleun No. 15. . (Reprint.): ~ March, 1896. 2-2... 22s. eel 

Peach Yellows and Peach Rosette. By Erwin F. Smith, Special Agent, 
under the direction of B. T. Galloway, Chief of the Division. Pp. 20, 
figs. 7. Farmers’ Bulletin No. 17. (Reprint.) March, 1896.____.__._- 

Spraying for Fruit Diseases. By B. T. Galloway, Chief of Division of 
Vegetable Physiology and Pathology. Pp. 12, figs.6. Farmers’ Bulle- 
tin No. 38. May OgORae = ses eae k te ee eee A Seeks lL 
Pai tur VW LOUOs vn 52 oes AS ae Meee eS Ol ll ae ene 

The Journal of Mycology. Vol. VII, No. 2. Pp. iii, 65-194, pls. 11-17. 
Meant.) Psuly, Lop, + (Wxhausted) mete 22-2. ol ee. 

The Journal of Mycology. Vol. VII, No.3. Pp. v, 195-331, pls. 18-31, 
diagrams 4, figs. 3. (Reprint. ) July, 189b;. (Exhausted) .-.......-..- 

The Journal of Mycology. Vol. VII, No. 4. Pp. v, 333-478, v, pls. 32-38. 
(Reprint.) July, 1895. (Exhausted) aS” Se ee epee eee ee 

The Journal of Mycology. Vol. VII, No. 1. Pp. 63, pls. 1-10, figs. 3. 
Rieti)? UL s Lobo. Wy EUCMATISLCW) 1. sabe ee ee ight oes he edad oe eee 
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Water as a Factor in the Growth of Plants. By B. T. Galloway and 
Albert F. Woods, Chief and Assistant Chief of the Division of Vegetable 
Physiology and Pathology. Pp. iii, 165-176, figs. 12-15, from Yearbook 
for'4894, 2 September, 1895... 2. seaceed 28 oe eee eee 

Fertilization of the Soilas Affecting the Orange in Health and Disease. By 
H.J.Webber, Assistant, Division of Vegetable Physiology and Pathology. 
Pp. iii, 193-202, figs. 18 and 19, from Yearbook for 1894. October, 1895_ 

The Grain Smuts: Their Cause and Prevention. By Walter T. Swingle, 
Assistant, Division of Yegetable Physiology and Pathology. Pp. iii, 
409-420, figs. 92-99, from Yearbook for 1894. August, 1895...__.._--_- 

Reprint, November, WO0b! 2.) | 22hes sh. . oo sie eS ete 
The Principal Diseases of Citrus Fruits in Florida. By Walter T. Swin- 

gle and Herbert J. Webber. Pp. 42, pls. 8, figs. 6. Bulletin No. 8. 
May, 1896. Price 10 gents 22.02 2428 522. ns. 8a te Lee 

The Cause and Prevention of Pear Blight. By M. B. Waite, Assistant, 
Division of Vegetable Physiology and Pathology. Pp. 295-300, from 
Wearbook tor 1895. -\June, 1896-22. .-- 5. =f 2 ee ee 8 ee ee 

Reprint, duly, 1096 = 22. cde de. Seka chee oe. ee oe See 
The Two Freezes of 1894-95 in Florida and What They Teach. By Herbert 

J. Webber, Assistant, Division of Vegetable Physiology and Pathology. 
Pp. 159-174, pl. 3, figs. 16-22, from Yearbook for 1895. June, 1896__- 

Frosts and Freezes as Affecting Cultivated Plants. By B. T. Galloway, 
Chief of the Division of Vegetable Physiology and Pathology. Pp. 143- 
158, figs. 8-15, from Yearbook for 1895. June, 1896_.__.._-----.---.---- 

The Health of Plants in Greenhouses. By B. T. Galloway, Chief of Divi- 
sion of Vegetable Physiology and Pathology. Pp. 247-256, figs. 53-56, 
fram Yearbook for.18)5... June, 1806-... 02. ee eee 

Principles of Pruning and Care of Wounds in Woody Plants. By Albert 
F. Woods, Assistant Chief, Division of Vegetable Physiology and Pa- 
thology.—The Cause and Prevention of Pear Blight. By M. B. Waite, 
Assistant, Division of Vegetable Physiology and Pathology. Pp. iii, 
257-300, figs. 57-61, from Yearbook for 1895. July,1896-..._._.------- 

Principles of Pruning and Care of Wounds in Woody Plants. By Albert 
F. Woods, Assistant Chief, Division of Vegetable Physiology and Pa- 
thology. Pp. 257-268, figs. 57-61, from Yearbook for 1895. July, 1896_- 

The Pineapple Industry in the United States. By Herbert J. Webber, 
Assistant, Division of Vegetable Physiology and Pathology, U.S. De- 
partment of Agriculture. Pp. 269-282, figs. 62-67,from Yearbook for 
1695. July, 1806 204... 2 cued osteo Bb. see ee 

The Pathology of Plants: Lines of Investigation that Might be Under- 
taken by Experiment Stations. By B. T. Galloway, Chief of the Divi- 
sion of Vegetable Physiology and Pathology. Pp. iii, 725-735, from 
Experiment Station Record. Vol. VII, No.9. August, 1896 __..____-- 

Bordeaux Mixture: Its Chemistry, Physical Properties, and Toxic Effects 
on Fungi and Alge. By Walter T. Swingle, Assistant, Division of 
Vegetable Physiology and Pathology. Pp. 37. Bulletin No.9. July, 
Sy oe ee ee es Ps La oa ee eee 

Reprint, septeniber, 1696 — 5-2 2 oe eee a eee 
Copper Sulphate and Germination, Treatment of Seed with Copper Sul- 

phate to Prevent the Attacks of Fungi. By Walter H. Evans,Ph. D. Pp. 
. 24. (Ballétin: No.d?.. August, 1896..2 2-3 2.22 =e Se eee 

Reprint, September, 1896 
Legal Enactments for the Restriction of Plant Diseases: A Compilation 

of the Laws of the United States and Canada. By Erwin F. Smith, 
Division of Vegetable Physiology and Pathology. Pp. 45. Bulletin 
Wo.di. <Ausust,41896. .Price.5 cents __... 2... 222.55. 

iheprint.jepLremiber, 1896 .... 2-2. ee 
A Bacterial Disease of the Tomato, Eggplant, and Irish Potato. By Erwin 

F. Smith, Assistant Pathologist. Bulletin No. 12. Pp. 22, pls. 3. De- 
cember, 1896. Price 10 cents 

WEATHER BUREAU. 

Monthly Weather Review. [A summary by months of weather conditions 
throughout the United States, based upon reports of nearly 3,000 regu- 
lar and voluntary observers. Quarto size.] Price 10 cents each. 

Vol. XXII, Supplement to No.12. (Annual summary for 1894.) Pp. 
Wil, Do0-047, Gharts’s. sAueust, 1895... 22-232 eee 

Copies. 

2, 000 

2, 000 

2,000 
15, 000 

3, 000 

200 
2, 000 

400 

200 

100 

100 

5, 150 
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Monthly Weather Review—Continued. 
Vol. XXIII, No.1, January, 1895. Pp. 45, charts 25. July, 1895...__- 
Vol. XXIII, No. 2, February, 1895. Pp. 47-80,charts7. August, 1895_ 
Vol. XXIII, No.3, March, 1895. Pp. 81-116, charts9. September, 1895_ 
Vol. XXIII, No. 4, April, 1895. Pp. 117-155, charts 6. October, 1895__ 
Vol. XXIII, No.5, May, 1895. Pp. 157-197, charts 8. November, 1895_ 
Vol. XXIII, No. 6, June, 1895. Pp. 199-239, charts 5. November, 1895_ 
Vol. XXIII, No.7, July, 1895. Pp. 241-282, charts 8. December, 1895_ 
Vol. XXIII, No. 8, August, 1895. Pp. 283-824, charts5. January, 1896_ 
Vol, XXIII, No. 9, September, 1895. Pp. 825-364, charts 6. February, 
TSG oe Ea eee an co -4 Bee Oe Seren Wien Qe pe ht Oey aeee ee ay Wt 

Vol. XXIIT, No. 10, October, 1895. Pp. 365-407, charts 6. March, 1896_ 
Vol. exit, No. 11: November, 1895. Pp. 409-448, charts 8. April, 

UGNS Ss SS Se ee eee et eae 2. vor Ruan eA Merete) ra: Bie ete 
Vol. XXIII, No. 12, December, 1895. Pp. 449-487, charts 7. May, 1896_ 
Vol. XXTII, No.13. (Annual Summary for 1895.) Pp. vii, 489-501, 
CAG Orr tnO tL SGO! . BRP ee or UE 2 Oe ge ee Bey ee Bs 

Vol. XXIV, No.1, January, 1896. Pp. 38, charts7. June, 1896 ______ 
Vol. XXIV, No. 2, February, 1896. Pp.39-68, charts 7. May, 1896____ 
Vol. XXIV, No.3, March, 1896. Pp. 69-103, charts9. July, 1896____- 
Vol. XXIV, No. 4, April, 1896. Pp. 104-144, charts 9. August, 1896__ 
Vol. XXIV, No.5, May, 1896. Pp. 145-192, charts 12. August, 1896 __ 
Vol. XXIV, No. 6, June, 1896. Pp. 191-228, charts6. September, 1896_ 
Vol. XXIV, No.7, July, 1896. Pp. 229-280, charts 8. (Quarto.) Octo- 

vais AXIV, No. 10, October, 1896. Pp. 359-396, charts 5. December, 
SHC ee Re eee Ege eee eee a Ee PURER ERS tS Jum) ae eed: 

Climate and Health. Vol. I, No. 1—A summary of statistics for the four 
weeks ended July 27, 1895. Pp. 25, charts 20. October, 1895. Price 10 
ee ety = SE at pa a) Ae pee SS ge OE eo eee be ee 

Climate and Health. Vol. I, No. 2—A summary of statistics for the five 
weeks ended August 31, 1895. Pp. 27-58, charts 25. November, 1895. 
TEL PED ce ee ee a ee ee ee ees er ae eres ee ee ee, Dees 

Climate and Health. Vol. I, No. 3—A summary of statistics for the four 
weeks ended September 28, 1895. Pp.59-82, charts10. December, 1895. 
Berar mineesthi ee ®. 2.27: wes ie DY GS 8 eh Dep ES RSS 

Climate and Health. Vol. I, No. 4—A summary of statistics for the four 
weeks ended October 26, 1895. Pp. 83-107, charts 20. December, 1895. 
RE ESET ES Red een Deg ee eee Aen ee ee 

Climate and Health. Vol. I, No. 5—A summary of statistics for the five 
weeks ended November 30,1895. Pp.109-145, charts 24. January, 1896. 
EUR es 5 5 Se aa) Sot 3 See a eo ee wade 

Climate and Health. Vol. I, No. 6—A summary of statistics for the four 
weeks ended December 28, 1895. Pp. 147-174, charts 12. March, 1896. 
ere CO SiS 2 rel ey pep yet a J ety) Tae NTS oe So's de 2) pret Oe 

Climate and Health. Vol. 11, No. 1—A summary of statistics for the five 
weeks ended February 1, 1896. Pp. 35, charts 14. April, 1896. Price 
Pars iagah ss Ab ow EE Senet oh) ee es ed 

Climate and Health. Vol. II, No. 2—A summary of statistics for the four - 
weeks ended February 29,1896. Pp. 37-64, charts12. June, i896, Price 
Demmicthtenes, 5 S80 eh ek See SP Ce Set. oe eee 2 os Leet 

Climate and Health. Vol. Il, No.3—A summary of statistics for the four 
weeks ended March 28, 1896. Pp. 65-92, charts 12. July, 1896_...-..-- 

Meeavvner Crop bulletin No, 16. July 1,,1896.... 222-2 eee cee tk.. ou 
m_manner Crop Bulletin No. 17. Jnly 8,.1806... 22.2.2 22. -2-.2n2.---22e 
meee: ©rop bulletin No. 18. © July16;,1805..... 2... s2csessedl. 1 kee 
Weather Crop Bulletin No. 19. July 22, 1895__._...........-.--.....---.- 
Weather Crop Bulletin No. 20. July 29, 1895._.......--2.-.-.0..--.----- 
Weather Crop Bulletin No. 21. August 5, 1895..............-.---...--.- 
Weather Crop Bulletin No. 22. August na 2 SS gee a a ay SC 
Weather Crop Bulletin No. 23. August 19, ESOS s Beles. 3* Seces scked . nite 
Weather Crop Bulletin No. 24. August 26, ABO. fees. 2-5 ose sae a Gees, 2,4 
Weather Crop Bulletin No. 25. September Belooumes 25 ca eeeil A ea 
Weather Crop Bulletin No. 26. September 9, 1895___...._.._-..---.-.-- so 
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Copies. 

Weather Crop Bulletin No. 27. September 16, 1895....-..-...----------- 4,500 
Weather Crop Bulletin No. 28. September 23, 1895___.......------------ 4,600 
Weather Crop Bulletin No. 29. September 30, 1895 ._.....--.---.-------- 4,700 
Weather Crop Balletin No. 30. October, 1895. _.._---.-- 2.222 -2--25-=26- 3, 500 
Weather Crop Bulletin No. 31. November, 1895 ..-____-_----------.---- 3, 500 
Weather Crop Bulletin No. 32. December, 1895_-....-...-.------------- 4,500 
Climate and Crop Bulletin No.1. January, 1896__..........---.-------- 3,500 
Climate and Crop Bulletin No. 2. February, 1896. _-....-.-------------- 3, 500 
Climate and Crop Balletan No. 3. March, 1896_.2_. 222. 2. 2. 22..-2268 3,500 
Climate and Crop Bulletin No. 4 April 6, 1896 ._-.2-_.-..-.---.22-.2522 5, 000 
Climate and Crop Bulletin No. 5. April 13, 1896 __-._..-._.--.-.-------- 5, 000 
Climate and Crop Bulletin No. 6. April 20, 1896, 20 2 eee 5, 000 
Climate and Crop Bulletin No. 7.. April 27, 1896__.__..__.-.-.----.--.=5 5, 000 
Climate and Crop Bulletin No. 8. May 4, 1966 ice Si 5) ee 5, 000 
Climate and Crop Bulletin No. 9. May 11, 1606 2 oot 5, 000 
Climate and Crop Bulletin No. 10. May 18, 1896 __....-._-.------------- 5, 050 
Climate and Crop Bulletin No. 11. May 25, 1896 _-_.._-__....---.------. 5, 050 
Climate and Crop Bulletin No. 12. June 1, 1896________--__.--.--.----2- 5, 000 
Climate and Crop Bulletin No. 13. June 8, 1896__..-_.---..----_-----222 5, 000 
Climate and Crop Bulletin No. 14. June 15, 1896___-_.....-.----------=. 4,900 
Climate and Crop Bulletin No. 15. June 22, 1896__.._.._.------.-------- 5, 000 
Climate and Crop Bulletin No. 16. June 29, 1896_._..__........--------- 5, 000 
Climate and Crop Bulletin No. 17, for week ending July 6, 1896___.__.__- 5,179 
Climate and Crop Bulletin No. 18, for week ending July 13, 1896232 5, 200 
Climate and Crop Bulletin No. 19, for week ending July 20, 1896—. Pe 5, 200 
Climate and Crop Bulletin No. 20, for week ending July 27, 1896___.____- 5,110 
Climate and Crop Bulletin No. al, for week ending August 3, 1896_______ 5, 000 
Climate and Crop Bulletin No. 22, for week ending August 10, 1896 see 5, 200 
Climate and Crop Bulletin No. 23, for week ending August LY, 480622 5, 000 
Climate and Crop Bulletin No, 24, for week ending August 24 1896..-2 5, 000 
Climate and Crop Bulletin No. 25, for week ending August 31, 1896_._--. 3, 920 
Climate and Crop Bulletin No. 26, for week ending September 7, 1896... 4,032 
Climate and Crop Bulletin No. 27, for week ending September 14, 1896_._ 4,000 
Climate and Crop Bulletin No. 28, for week ending September 21, 1896_._ 4,000 
Climate and Crop Bulletin. (Series of 1896.) No. 29. September, 1896_ 4,016 
Climate and Crop Bulletin. (Series of 1896.) Reporting Temperature 

and Rainfall, with special reference to their effect on crops. (No. 31, 
for the month‘of November, 1896)__..:.2.2../572..42.2 Se 4,149 

Charts of the Weather Bureau. (Size 19 by 24.) Climate and Crop Bul- ° 
letin (series of 1896), reporting temperature and rainfall, with special 
reference to their effect on crops. (No. 30, for the month of October, 
BNOG) Sr Oa ee 4,120 

Storm Bulletin No. 2 of 1895. Lake Storm of November 25 and 26, 1895. 
(Ghart:) “Nevember, 1695-22204 5.0 05-22 2... 2.252 1 ee eee 534 

Storm Bulletin No. 3 of 1895, Atlantic Coast Storms of December 9 to 12 
and 12'to 15,1895. ~(Chart.) December, 1895_-._.._.-:._... = eee 2,100 

Storm Bulletin No. 1 of 1896. Coast Storm of February 5 to 7, 1896 
(Ghart.) - Hebruary, 1806-0 <= 222s 2 oe eee 3, 100 

Storm Bulletin No. 2 of 1896. Coast Storm of March 10 to 12, 1896. 
(Ghart:) > Marehj 896225: 22. -- i 22 <li eee 3, 200 

Storm Bulletin No. 3 of 1896. Inland and Coast Storm of March 16 to 20, 
1896;~(Chart.) >March, 1896... 2 22.220. 22.025 ee eee 3, 100 

Storm Bulletin No. 4 of 1896. Tornadoes of the Central Mississippi Valley. 
May 37,1896. (Chart.) May, 1896 ..._... 2) es. 2 ee 2, 200 

Hurricane of September 29 and 30, 1896. (Storm Bulletin No. 5 of 1896.) 
October, i89G328ee! So 2 oe eee eee 2, 300 

Snow Chart. -.December.9, 1895. .... 2... Ue. 22 eS eee 600 
snow Chart. December 23; 1895... : 22-1 eee eee 600 
Snow Chart. December 30) 4895......_../ 8 eee ee eee eee 600 
snow Chart. -January-0;46000:...--. ...... Lie eee eee eee 600 
Snow Ohart. January 13; -1896......-.).. _ Ue eee eee 600 
Snow Chart... January 20,1896. ..). 2) ee eee eee 600 
Snow Chart:: gantiary-27, 1896.20... 2. oe ee ee ee eee 600 
Snow Chart::.Pebruary. 5, 1896.02 .).2 2.2 22D ee 650 
Snow Chart). Pebruary. 10,1896 3.22. oe ae eee ee 800 
Snow Chart; febraary,.d7,.4996.-).. 2. ee ee eee 800 
Snow Chart. February 24, 1896_____.__ oie bye te Nee 800 
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eEreTaY ax SQM raNeaae REBOOT ne: eee tert em es See 
PeeymneT TMM ren TOL Obi. oe ee Sioa ke a ae 
Snow Chart. March 16, 1896_._.__. et ie Oe ee PE iy MI Shei! elas 
Eeevimrtiant. Maren rerloog. - 2.3) a ae a 
SerarG. Mare oo, toee. 305s yo I eee 
Snow and Ice Charts for December 7 and 14. December, 1896 _____. ___- 
Snow and Ice Charts for December 21 and 28. December, 1896 
Cold Wave Bulletin No. 1 of 1896. Cold Wave of January 2 to 5, 1896. 
Net MENIAL. red Ue St ass ceed howe Cea eee 

Description of Cloud Forms. (Chart with 11 iilustrations.) April, 1895_ 
What Meteorology is Doing for the Farmer. By Mark W. Harrington, 
Chief of the Weather Bureau. Pp. iii, 117-120, from Yearbook for 1894. 
EE a ees tS es SRE de 

Instructions to Observers and Code for Encyphering Reports at Cotton- 
region and Sugar and Rice Stations of the Weather Bureau. Pp. 39, 
RI SEMI GMD, Pees se SS nd ee oe ee 

Weather Conditions of the Crop of 1894. By H. H. C. Dunwoody, Assist- 
ant Chief of Weather Bureau. Pp. 16, figs. 4, from Yearbook for 1894. 
MIDS S Soffa 3020 2 sco et EA o se eos ba sac dese hoes 

Studies of Weather Types and Storms. No. 1—Types of Storms in Jan- 
uary. By E. B. Garriott. Pp. 4, charts 25. September, 1895________- 

Studiesof Weather TypesandStorms, Part II. Pp.26,charts 39. June, 

Instructions for Use of Maximum and Minimum Thermometers. Revised 
edition. Pp. 16, figs.8. Circular B, Instrument Room. October, 1895_ 

Instructions for use of the Rain Gauge. Revised edition. Circular C, 
mmr. OCLODEr. 1800. 225-5. 5 ee 

Instructions for Observers of the Weather Bureau. Pp. 82. November, 
UNE ret terre 2 a. Te a en. A ites de BE Dey once ewe 

Report of the Chief of the Weather Bureau, 1894. Pp. 288. December, 
ng, = Eee AE eae a gh eg Sg le ene eee nr One a 

Report of the Chief of the Weather Bureau for 1895. By Willis L. Moore. 
Pp. iii, 65-96, from Message and Documents, Department of Agriculture, 
LoBa f.PDERTRED TAY IEE) Cpapaie si BE ait pi se a as es pt ee api lies Lins a 

Statistics of State Weather Services. By Oliver L. Fassig, Librarian. 
7. Lk, LG TOVETU EET, Vil S12) Ce aa ee ee Aa A ory 

The Determination of the Relative Quantities of Aqueous Vapor in the 
Atmosphere by Means of the Absorption Lines of the Spectrum. By 
L. E. Jewell, under the general supervision of Prof. H. A. Rowland, 
of Johns Hopkins University. Pp. 12, fig. 1. Bulletin No. 16. Feb--. 
a Ce See eet fs a ee ee eee 

Injury from Frost and Methods of Protection. By W. H. Hammon, Fore- 
ee ibe, et, LOMO See Sk 

The Work of the Weather Bureau in Connection with the Rivers of the 
United States. Pp. 106, diagrams 3. Bulletin 170.17. May, 1896__._- 

Departures from Normal Temperatures and Rainfall, with Crop Yields 
in Nebraska. By Maj. H. H. C. Dunwoody, assigned to duty as Acting 
Assistant Chief. Pp. 30, charts 10. (Quarto.) May, 1896_.._......-- 

Report of the Fourth Annual Meeting of the American Association of 
State Weather Services Cooperating with the Weather Bureau. U. 8. 
Department of Agriculture, held at Indianapolis, Ind., October 16 and 
17, 1895. Pp. 55. Bulletin No. 18. May, 1896. Price 5 cents...-_..- 

Report of the International Meteorological Congress, held at Chicago, 
Til., August 21-24, 1893, under the auspices of the Congress Auxiliary 
of the World’s Columbian Exposition. Bulletin 11, Part 38. Pp. xix- 
xxi, 585-772, pls. 26-43, fig. 1. Edited by Oliver L. Fassig, Secretary. 
SE aN Gi Rn ey See a Foe nS See eh eto ia es ass 

Daily Weather Map, showing weather conditions throughout the United 
States and giving forecasts of probable changes. 

Temperatures Injurious to Food Products in Storage and during Trans- 
portation, and Methods of Protection from the Same. By H. E. Wil- 
liams, Chief of Forecast Division. Pp. 20. Bulletin No. 13. (Reprint.) 
I a er ae oe RE a i SOE aca ass 
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APPROPRIATIONS FOR THE U.S. DEPARTMENT OF AGRICULTURE 
FOR THE FISCAL YEARS ENDING JUNE 30, 1896 AND 1897. 

APPROPRIATIONS, 1896. 

Salaries, Department of Agricul- 
t 

Collecting agricultural statistics... 1 10 
Inquiries relating to public roads - 10, 
Botanical investigations and ex- 
moramonts ~ 25°52. Jo ets es 25,000.09 

Investigating the history and hab- 
ais. of insets cco Fee gre 20, 000. 00 

Investigations in ornithology and 
Sonxanianee Co oe 17,500. 00 

Pomological information -.--.---- = 6, 060. 00 
Microscopical investigations ------ 2, 600. 00 
Vegetable pathciogical investiga- 

tions and experiments ---.-.---- 20, 090. 00 
Laboratory, Department of Agri- 
MRTG SS - 14,900.00 

Report on Aaeeabry. occ S 25, 000. 00 
Dilustrations and engravings ----- = 15, 000. 00 
Document and folding room------- 2, 000. 00 
Experimental gardens and grounds 29, 500. 00 
Quarantine stationsforneatcattle. 12,000.00 
Parchase and distribution 

of valuable seeds .------- $130, 000 
Farmers’ Builetins----..-- 50,000f 185,400.00 
TEN os oe ee 5, 400 
Experiments in the manufacture 

EEE ED eS lle > see a ek Sa 10, 600. 00 
A Heat experiment stations 

TEU UU Se ae ee ee 30, 000. 09 
eatian investigations --..--..-- = 15, 000. 00 
Nutrition investigations ---...--...- 15, 000. 00 
Investigations and experiments 
with grasses and forage plants-_- 15, 099. 00 

Investigations in relation to agri- 
Gultural SONS -~2-.2-°-. 22.2 see 15, 000.00 

Furniture, cases, and repairs--...- 10, 690. 00 
Paseo. Set eee ere 2, 000. 00 
Mune 5p ee eS tye 3. 090. 00 
Fiber investigations -.........----- 5, 000.00 
Rireery oe eee ee 6, 000. 00 
Contingent expenses. ..._-.--.----- 25, 000. 00 
Salaries and expenses, Bureau of 
Animal Industry... =. —..—..- 800, 000. 00 

"‘Pobaiare 52 0st Seas ae 1,698, 140. 09 

Weather Bureau. 

Staring i ye pe ee es 164, 290. 00 
Fuel, lights, and repairs_-__.-.-.... 8, 000. 00 
Contingent expenses-.--...._....-.-- 10, 000. 60 
General expenses. ......-......----- 703, 320. 00 

Total for Weather Bureau_.. 885,610.00 

Grastto0gh © ees eee 2, 583, 750. 00 

APPROPRIATIONS, 1897. 

Salaries, Department of Agricul- 
MPO = oo Sas a ee $313, 860. 00 

Furniture, cases, and repairs, De- 
artment of Agriculture _.._-.__ 12, 009. 00 

Library, Department of Agricul- 
UTS . 2) =25 ee eee 099.00 

Museum, Department of Agricul- 
EPR 43-3 ks an eee 3, 000.00 

Postage, Department of Agricul- 
GOTD - ~~ .-= sa ee 3,009. 00 

Contingent expenses, Department 
of Arricnlture 3-55. eee 25, 000. 00 

Anima! quarantine stations _------ 12, 000. 
Collecting agricultural statisties__ 110, 690. 00 
Botanical investigations and ex- 
periments <---> eee 15, 090. 00 

Entomological investigations...... 20,000.09 
Vegetable pathological investiga- 
one oo - 20,000.00 

Biological investigations..--.----__ 17,509.00 
Pomological investigations _...-..- 6, 000. 6) 
Laboratory, Department of Agri- 

CHitnTre-—. =... 2-2. eae - 12,460.00 
Forestry investigations -_-.-..-.-. 29, 090.00 
Experimental gardens and 
grounds, Department of Agricul- 
Wine ....:. 0 eee 20, 090. 00 
— investigations - cee oe 19, 060. CO 

rass and torage plant investiga- 
tions. 2-3 ee 10, 009.00 

Fiber investigations---_.-...-.-.-.-- 5, 000. 00 
Agricultural experiment stations 

$760,000) 42 eee 30, 000.00 
Nutrition investigations... -...-- - 15,000.00 
Public read inquiries —2- 22. 8, 060. 00 
Publications, Department of Agri- 
eMitwrp 22 eo eee 70, 800. 00 

Purchase and distribution of valua- 
bie seeds’... eS eee 159, 050. 00 

Salaries and expenses, Bureau of 
Animal Industry _.....--—----- 650, 000.00 

Total... --- nn eee 

Weather Bureau. 

Salaries, Weather Bureau ..-.-.--- 150, 540, 00 
Fuel, lights, and repairs, Weather 
Burcau ___...... ..... 5 8, 000. 00 

Contingent expenses, Weather Bu- 
TORIES 22.2 ae oe 8, 000. 00 

General expenses, Weather Bu- 
TOA «2 onssc o-oo ke once oa 717, 232.00 

Total for Weather Bureau -_. 833,772.00 

Grand total... 2... eae 2, 448, 532. 00 

10f this amount, $720,009 is paid directly to the experiment stations by the Dnited States 
Treasury. 

' 
q 
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Aeravion of soil, measures for providing__________.___........--__.-- 240, 242, 244 
Agaricus melieus (mushroom), cause of root rot_...._._....-......-------- 249 
Agricultural education. (See Education.) 

experiments, explanations by experts in France_.______ .___.- 547 
migutute at Gembloux, Belem. 7. ee ee ee 364 
products. (See also Crops. ) 
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CBee LO 1c Aa SR i ee eget 589 

exports and imports, 1892 to 1896__...____.._..__- 585 
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prosperity, basis of general prosperity_____._..._._____.____.. 52 
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MOGCHRUY DOR ORATHCRG oe es ee oe oe ce 543 

of settled policy for scientific work of Department-_ 14 
object and character of work of Department_-___-_. ._- ieee, ae 10 
permanent scientific counselors for ideal department__.__.... 552 
pressure of advancing civilization... .__.__......-..-..-.--- 544 
proportion of scientific work in Department __......_..-_-._-- 13 
qualifications of heads of divisions in ideal department __-__- 551 

TMMISCET.OF SPCTOUREY . nce teen -n ---- 551 
scope of work of ideal department.__...............--.------ 548 
Secretary. (See Secretary of Agriculture. ) 
suggestions as to tenure of office in ideal department __.. .__- 552 

of divisions of work of ministry.........._....-- 549 
Agrostology, Division, organization and duties__..__..._...-.-..---------- 557 
PCT Ine TO SLOUImZAbION Of miilic eek. ee nce cwennnne 441 
Alaska, investigation for experiment station .............----------------- 46 
Alcohol. (See also Spirits, distilled.) 

SEC Ok nO ce. es i538 
Pea etion LPORT WOOG.. Sarai. Abeba nace non dneopee ee ct Oe ot o94, 414 
MAGELO COUMbELACh POISONING | lan 3h Roce eit ote nn Sele ee 141 

Alpine plants, modifications from effects of cold, aridity, and light ____-_--- 97 
Amanita musearia (poison mushroom), how distinguished fromdeath cup.. 144 

659 
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Amanita phalloides (death cup), occurrence and appearance_..----.------- 144 
American colleges, meecdiof uniformity =. -=.=222 2222. eee eee 365 

hog products, shipments to England: .- 23. -s.2...-2225-seeeeee 82 
Andalusian chickens, description and advantages. .___...._..----.-----..-- 470 
Animal Industry, Bureau. (See Bureau of Animal Industry.) 

decrease in cost of inspection. _._.---_-___-22 20 
inspection of vesse]s and export animals_______ 21 

Animals, imported, inspection and quarantine: - 22... 2-2 eee 22 
inspection, ‘cost, payment by producer.-.-....--_._.-2..2 =e 23 
live, statistics of British imports, 1893 to 1896_____._..._....-._-. 30 
tagging, cost, comparisons showing decrease_..-__...-.---------- 

Antidotes, suggestions against common plant poisons__-____------ 138, 141, 148, 145 
Apples, American in England, remarks by Secretary --.-_.------.---------- 34 

varieties preferred in Pneland 2" 2: 2522.2 2. 84 
suggestions to American shippers ------ Doe) eee ee ee ae 35 

Appointments, governing principle in Department of Agriculture_-____.._-- 12 
new, in Department of Agriculture. _-__-...--------.-------- 12 

Appropriations, Alaskan agricultural investigation ______..--_--.---------- 46 
amounts, 1894 to 1897, Inclusive. --..-- 223-2 
Department of Agricuiture, 1896 and 1897_____._._--_.---- 658 
Division of Publications, relation to increase of work-__--_- 41 

Argentina, Improvements of herds -.-2<-- =. -<-2s--2) ce. sto ee 25 
sheep and cattle trade with United Kingdom -_._..-.---.---.-- 25 

Arkansas River, peculiarities and use in irrigation --_....-..-.---.-.------ 175 
volume of flow at several points-----.----------2---2s-cee 175 

Asparagus beetles, article by F. H. Chittenden _-_-_.--- ee 341 
common, destruction by heat ._______- ante 347 

life cycle ~. <2 =)... 2-3-4. 345 
history and habits. 2.25.0. 2-0 222 eee 344 

markings; distribution. _- 55. oe eee 343 
natural checks’... 022... 3-22. 5 346 
remedies... 2-220 eo 347 

twelve-spotted, description, life history and habits------ 851 
introduction and spread _-.-.. -. 27422256 349 
present and probable distribution_---.-- 350 
remedies..- 0222-22... J.40-52) 352 

immunity from insects... -.-_......-..---5--.-...2-- 2) 341 
inethods of injury of commion beetle. — 22225 2 eee 342 
time of danger from beetles. -...2.:...-.-).-22---- te ee 

Aspidiotus aurantii. (See Red scale.) 
perniciosus. (See San Jose scale.) 

Assistant Secretary of Agriculture, duties.....-..--.. 222.2. _ See eee 555 
Atropine; antidote for mushroom, poison....._.... -..--_---_-_- 25 =e 145 

Bacon, American, low’ prices in England .............-.-.---.2-cse eee 82 
and pork, competition with frozen beef and mutton in London-_.--- 26 
exports to United Kingdom, 1892 to 1896 . ._.-"*....-_. = 2-225 s see 29 

Bacteria, difference in'resistance to heat_.....-.. .--.....--2..2 eee 440 
relation to cleanliness in dairy._..._.__._._-..-_. "2 see 431 

BaiLey, L. H., article on ‘‘ The improvement of our native fruits”_________ 297 
Barberry, growth without spines in moist atmosphere_._-------------.---- 96 
Barley, acreage and average yield, 1896__-_-____..-.2../!_ "2. ee 567 

production, and value, 1896, by States __..._..-.------. 223 567 
infiuence of weight of seed on earliness of development .-..-------- 319 
potash, withdrawal from soil:in cultivation_-_=_---- 222 ee 114,115 
wholesale price in leading cities of United States, 1892 to 1896_.__-_- 582 

Barnyard manure. (See Manure, barnyard.) A 
BEAL, F. BE. L,, article on “‘ The blue jay and its food”__-* -~_2__- 22 oeeeees 197 
Beans, experiment with seed of different weights_-__...--------.---------- 317 

potash, withdrawal from soil in cultivation..-__..----:------_.-42ee 115 
Beef, fresh, export to United Kingdom, 1892 to 1896 ___..__--_------------- 29 

salted, export to Urited Kingdom, 1892 to 1896 _..._._. ____---------- 29 
Beer. (See Malt liquors.) 
Beetles; ambrosia, actions in case of alarm. . 320. 2224-55) 2 2-2 eee 425 

characteristics of the larvie 22222222 = = ee 426 
food fungus... -.. 2.2212 Te eee 422 
forms of excavations... 212055325222 eee 427, 428 
injuries from operations. +...2- :-22552erce es s< ase ee 422 
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Belgian primary school, sample lesson in agriculture ____.-.._._----------- 368 
Balgium, agricultural education and research, article by A. C. True______. 361 

institute at Gembloux, course of study____________- 364 
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pecondary aericn paral schools: 5. Us sacoes esse ee eS 365 

Biological Survey, Division, organization and duties_.__..._.....--.----.--- 557 
Black locust, usefulness on waste spaces of farm __-__.-.------.--.-------. 337 

scale, attacks upon olive in United States. -...........-.---<.--.---- 389 
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eradication by ladybirds on Cooper ranch, California--.__----- 224 
method of injury and region of operation_______._._.__-------- 220 
season of hatching and measures for destroying____.____---_-- 221 

Vear fon cum ca ionie 4) See Soe ee oss ee ee 228 
Spanish chickens, description and advantages-_-._____........._-..--- 466 

Blackberries, development of native varieties___._........=-----.-.-.------ 300 
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Bonnier, Dr. Gaston, experiments in modification of plant growth-_----_--- 97 
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Brahma chickens, comparison of male and female_____________-___--------- 449 
varieties, descriptions, advantages, and weights_-_-_.------ 448 

ranipier native, need of development... 2222-2 ---s22---2-5-<-5- 304 
Bread wheat, Russian varieties for trial in United States___._._.___.------- 493 
Breeding (ancestry), importance in selection of seed___-..-.--------------- 309 
Brocton (Chautauqua) systems of training grapevines_____-__.-- .------ 514, 516 
Brooklyn, N. Y,, steam spraying machine in Prospect Park.....----------- 81 
RESMPCSE Se 1h INT Ie a LONG es were see ee Poe. Seok ok te se 182 
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THEE OCs eis yates Fe i cen 2k Se 480 
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California, conditions similar to Sicily for olive culture___....-.-..-------- 377 
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special cultural and climatic conditions ............-._-_-_-. 22. 217 
spraying citrus orchards by steam. -.: - 2. 2222222 oe 70 
thrift and Jongevity of olive......0.-. 15: 55. 3 eee ee 371 
worst scale insects... 20.0... 02. sete 2 eee 220 
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Campine chickens, varieties and description. ..-...........-......-..----.- 470 
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Canada ‘thistle, manner.and extent of distribution._.__........-...-_--.- 266, 281 
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Chief clerk of Department of Agriculture, duties: 22 2"*-.-..-- eee 555 
Chilocorus bivulnerus (ladybird), efficiency against San Jose scale_______-. PP | 
CHITTENDEN, F. H., article on ‘ ‘The asparacus: beetles’... .__.. 5 22 aaa 341 
Chlorine, use as a constituent in potash fer filizersooe ii... oe 129 
Chondrilla, introduction and extent of distribution.__._._._.______------ 280, 282 
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