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BEET-SUGAR MILLS IN THE UNITED STATES.

In the United States in 1916, 8% beet-sugar mills were standing
and equipped for extracting and refining sugar from beet roots.
The first of these had been built in 1870 at Alvarado,Cal. During the
summer of 1916, 7 of the 84 mills had been erected and equipped
for the campaign of 1916-17, and 15 additional were built and
equipped for the handling of the 1917-18 crop, making a total of 99
beet-sugar mills now standing. (Table T.)

During this period of 47 years, 5 other mills were built, 8 of which
have burned, 1 has been dismantled, and 1 has been utilized for some
purpose other than that of making beet sugar. Of the 99 beet-sugar
mills now standing (fig. 1), 19 were first erected at some point other
than the place where they are now located ; but owing to certain limit-
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ing factors in beet-sugar production these 19 mills have been removed
to other locations (fig. 2* and Table II); 2 of these were built in

Fie. 1.—Outline map 'of the United States, showing beet-sugar mills in operation
(o) and those standing Idle (x) in 1017,

Canada and removed to the United States, and 1 was built in this
country and removed to Canada. -

‘-—----_J

2 ;‘L

F16. 2.—Outline map of the United States, showing the orlginal location of 19 heet-

sugar mills (E) and the points to which they were removed (R),

" In this figure 18 shows the original location of mill No. 1 and 1R the point to which
that mill was removed:; 2E the original location of mill No. 2 and 2R the polnt to
Which it was removed ; and so on for each mill listed in Table II.
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TaBLE L—American beet-sugar mills in 1917.

Location. Capacity.!
Date 4 Date
No. otrierec- Name of company. i | 1Pty a;ogd
on. - 3
State. Town, nal. axit’
1 | California........ Alvarado.. ...-| 1870 | Alameda Sugar Co........ 50 S00 | 18043
2 | Nebraska........ Grand Island...... 1800 | American Beet Sugar Co.. 350 500 | 1016
2 S T 17 TRy 1891 | Utah-Idaho Sugar Co...... 300 | 1,250 [ 1900
4 | California........ Chino....... S 1891 | American Beet Sugar Co.. 400 | 1,100 | 1895
D do......200 .f T.os Alamitos......| 1897 LosAlnrmtosSugano 350 800 | 1598
6 | Wisconsin....... Menomonee Falls.| 1897 \\ xsco'lsin riCOtRRTR. 500 1901
(G BRSO Ogdonisnivessd 110 1808 mat Sugar Co... 350
8 | Californig........} Oxnard........... 1808 i\me can Reet Sugar Co.. 000 | 3,0004.......
A Q0L BT, Bettera\ 2 hls 1399 | Union Sngar Co........... 500
10:]- 2% 3 [ LB R Spreckels.......... 1899 grockels Sugar Co........ 000 | 4,500 )%, .....
11 | Washington..... Waverly. /3 g 1899 | W ashington State Sugar 350 |
12 | Colorado.........| Grand Junction...| 1809 W ostcm Sugar & Land Co.| 350 |
13 | Michigan........ Holland ¥ Lepuitest 1509 Hgllnnd -St. Louis Sugar 350
14 Lo A0, Bay City...ccceras 1909 | Michigan Sugar Co........ 1912
15 BeEsoR o3ttt A r?m..? .......... 1899 |..... dg.n. ..... gm' ........... 1,40 1012
I QUSRS S West Bay City....| 1899 | West Bay City Sugar Co.. 900 |-.......
n e F T 1o AR s Carofd A S oase 1809 | Michigan Sugar Co. .en.n-n ,200 | 1902
18 | Colorado.-....... Rocky Ford.......| 1900 | American Reet Sugé 1,800 | 1912
1 DR (AT L Sugar City.......- 1900 l\atxnnaICSugnr ATl 500 | 1018
tnring Co -V
Fremont.......... 1900 | Continental Sugar Co.Lis.. 350 408 |- .<.5ee
Marine City....... 1900 | W gﬁem Sugar Reiining 350 600 |.encennn
Sallxzbuzgt )(\\ est | 1901 | Columbia Sugar Co.:ts... 400 | 1,500 | 1907
ay City
Tonsing........... 1901 | Owosso SugarCo.......... 600 0001 [ 8 2 8<s
...| Loveland..... ....| 1901 | Great Western Sugar Co..| 1,000 | 2,000 | 1912
LORATL S ok oadidln 1901 | Amalgamated Sugar Co... 400 600 | 1912
.| Greeley........... 1002 | « 'reat Vestern Sugar Co... 700 | 1,000 | 1911
Fatonzlo bR s 18 07! Ao (WO VSRR T, oy 1 600 | 1,100 | 1911
Carrollton......... 1902 Michi%nn Sugar O SR 800 000 |.eeeenae
Mount Clemens...}». 1902 | Mount Clemens Sugar Co.. 600 600 f-eoueens
Croswell......... <] 1902 \Iu‘hgnn Sugar Co........ 600 750 |-niaannn
---|'Sebewaing. ... 4V 1908 |.....d0.....iciiiieananhann 600 850 |.vnennnn
..-| Garland 1903 | Utah- Idnho Sugar Co...... 700 280712 s ooenn
Idaho Falls. . SG2"1903 1. . . .. A0 i vcassen e rivEgoNS 600 750 | 1095
St. Louis£ee. . . -.«f 1903 L{%llnnd-St Louis Sugar 500 600 f<eerenee
Menominee........ 1003 | Menominee River Sugar [ 1,000 | 1,200 | 1907
Co.
36 |1 A i Op0sso S . ... - - 1903 | Owosso Sugar Co.......... 1,000 | 1,200 | 1907
37 | Colorado......... Fort Collins. .vr..| 1003 | Great Western SugarCo...| 1,200 | 2,150 | 1911
38 do ........... Wmdsor. » A 1903 f..... do --------------------- 660 | 1,100 | 1911
891.....d0....c.... B Longmolt. Y ..... £ 0% I R (R e e TR 600 | 2,100 | 1911
40 | W 1sconsin ....... Chxppewa Falls...| 1904 Chippewa Sugar Refining 600 600 11+ 5 208k
dhk o o.. O .| JamsWllo. ... ... 1004 Rock County Sngar Co.. 600 | 700 |........
42 lda}(nio., ...... .5 Blackfootb......... 1904 | Utah-Idaho Sugar Co...... 600 700 | 1911
43 ..... do......'.--vﬁ ﬂg&r ------------- IW ---O'do --------------------- 7m m """"
44 | Utah . SoitZ .. S ewiston.......... 1005 | Amalgamated Sugn.r GO%S 600 800 | 1011
45 | Michigan.......- Blissfield......... .| 1805 | Continertal Sugar Co...... © 600 868 faseyieht
46 {dllinois. . .-=-4>--| Riverdale......:.. 1905 | Charles Pope, (gmr ..... 350 500! 1< ~'o e
47 Colorado....i.vi e AR A e 1966 | American Peet Sugar Co © 400 500 | 1907
B .. .- Sterling........... 1905 | Great Western Sugar Co.. 600 | 1,100 | 1912
49 | Wisconsin.....-- Madison....... 5. 1995 | United States Sugar Co.. 600 600 |-cauaeee
50 | Arizonft......-.-- Glendald.......... 1005 So]gthg’%stern Sugar & 800 S0 | ™
LAn
51 | Colorado....-.--- BEOsHL et oo S0 i 1986 | Great Western Sugar Co.. 750 | 1,100 | 1912
82 1..Y:: (o (1 PR e .| Fort Morgan...... 1006 41 .o 2 o [ AN PRTH ISR () & s 600 | 1,150 | 1912
s 3 aar A0z ety eaes (3 y s VA e 1906 | Polly Sugar Corporation..| 1,200 | 1,200 [-+....xx
54 | Montana...-.....| Billings... ... ... 1906 | Great Western Sugar Co...| 1,200 | 2,050 | 1912
55 | KapsaS....acvae- Garden City....... 1906 Gsirdeg CCxty Sugar & | 1,000 | 1,000 fe--..aee
X lan
56 | California........ Vagalias J oo i v 1906 San Joaquin Valley Sngar 350 400 |--eanaee
57 e dorE ol Hamilton City....| 1008 Sagramento Valley Sugar 600 700 [-eennnn
58 | Minnesota......- Chaska............ 1906 | Minnesota Sugar Co.......| 600 800 f-uonoen
59 | Colorado.........| Las Animas....... 1907 | American Beet Sugar Co.. W0 | 1,000 |........
60! [P lowas et st e Waverly.......... 1907 | Towa Sugar Co......-wo--- 400 S00 J-vveeans
61 | California........| Corcoran.......... 1908 | Pacific Sugar Corporation. 600 oo 0 8 P SR
(O Y AV e Santa Anf........ 1908 Boé]t hern California Sugar 600 600 @)
0

t Number of tons of beets that may be sliced each 24 hours. 2 Rebuilt in 1879, 1887, and 1859,
3 Acquired by the Holly Sugar Corporation.
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TABLE I.—American beet-sugar mills in 1917—Continued.

r
Location. |+ Capacity.
| Date Date
No. ioft ({rcc- Name of company, o - en-d
on, - &
State. Town. - pal. |oicat large
Scottsbluff. ... ... - 1910 | CGreat Western Sugar Co...| 1,200 | 1,80 | 1012
Pauvlding..........] 1919 | Columbia Sllgﬂt ot ... 700 S00: [omi 3o
Findlay.......:...|~ 3911 | Continental Sugar Go. " 600 | 871 |.iiilll
Elsinore...........| 1911 [ Utah-Idaho Sugar Co.. ... 500 BOOL S LAY
HERH QIVs e S LY 1911 | Nevada-Utah Sugar Co... . 500 B00j oSt e s
Anpaheim..........| 1911 | Anaheim SugarCo._.. ... 500 859 | 1911
Huntington Beach| 1911 | Ilolly Sugar Corporation. . 750 1,200 | 1912
Santa Ana (Dyer).| 1012 | Senta Ana SugarCo.... .. 600 | 1,200 1914
Burley:i. . ... 1912 | Amalgamated Sugar Co. .. 400 600 | 1912
TOIRd0 ) 3ok ds o, 1912 | Toledo SugarCo....... ... 1,000 | 1,100%.o......
Ottawa........... 1912 | Ottawa Sugar Co.......... 600 6004 ...
eikDecktaraii. . . ... 1912 | Holland-St. Louis Sugar 700 S005" . U
Co.
1WA 1013 | Utah-Tdaho Sugar Co......| 500 WS .- ...
Layton.........._.| 1915 | Layton Sugar Co..:....... - 500 700097 . . ...
1915 Hlolll,\} S"g?f Clgrgcmu%% <o N 0009t . ..oenn
3 orn Basin Sugar Co.. X
1916 (:r%at Western Sugar Co. .. } 600 750 | 1016
1916 | Amalgamated Sogar Co. .. 6001 600)........
1916 | Great Western Sugar Cow.! 1,000 1,000 |0 00
1916 | Utah-ldaho Sugar Co...... 75071 1,000 | 1916
10168561k LY doils. . i . \ &7 500 500 [ovee....
1ot} 1] [ do...... 4% SV A 500 HO0THLS:. T
1916 2 5 do..... 0. .... e 500 5003180580
1917 | Amalgamated Sugar Co... 500 0V I St
he2 T e 04BN, . LTS . .. 600 B00.1. .. aavee
1917 | Delta Beet Sugar Co...... 15000 T 1Y O00 0. <. . .
1917 | Great Western Sugar Co...| 1,000 [ 1,000 (... ...
1917 1234 casece YD .cu:-.. 800 8004 N30 .
-.] Missoula.,........ 1017’ |...., do....... &..........] 1,000{ 1,000 |.....0..
Hamilton......... 1017 { Montana-Utah Sugar Co.. 500 500 |aeeen...
Mason City........ 1017 N(l);'lhem Bugar (;gorpnm— 1,200 | 1,200 |........
ion,
TTACY 5 oo s s on 1917 | Pacific Sugm- Corporation. 600 (: )| R B
Manteca.........: 4 11017 | Spreckels SBugar g())(.) ....... 1,0005F-15 0005 0 dodes
MOTonl. oo sz g &0 1917 Ped)ple’s Sugar Corpora- [+ 400 400 15, STy
4 Rek i on.
Cornish.....{c.0uld 1917 4 West Cache Sugar Co. ... 500 500 |........
Shelley....n-.. 6 1917 "} Utah-Idaho Sugar Co...... 600 000-{-0.3abes
98 | Wyoming....... Worland<...oz. .04 1017 | Wyoming Sugar Co.. .. ... 600 (¢ 0,0 1 PR RO
-99 | Washington..... North ¥akima....| 1817 | Utah-ldabo Sugar Co.... . 600 600 15 onRes
Y ]

Of the three mills that were burned, little is known about the actual
working of the one at Staunton, Va., or the one at Eddy, N. Mex.
The former operated for two years and the latter for three years, but
evidently they were not sufficiently successful to warrant rebuilding
them:. * They were of small capacity and constructed from second-
hand material. The mill formerly at St. Louis Park, Minn., which
was burned in 1906, operated with fair success during each of the
seven years of its existence. The mill at Watsonville, Cal., which
waserected in 1888, was closed in 1899 and has since been dismantled.
The mill at Pekin, Ill., erected in 1899, was closed in 1890 and has
since been transformed into-a glucose plant. Turther data regarding
these five mills are given in Table I11.
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TaBLE IL.—Original and present locations of the removed

5

beet-sugar mills.

o 8 Where built. f,s- Present location. :.a::‘,_\
No.| 3 g o g == §g Original owners.
S 5 State, Town. 5 = State. Town. &
1..2| 1801 | Nebraska. ..| Norfolk..... 1905 | Colorado....| Lamar...... 350 N%rrolk Beet Sugar
Q.
2...| 1897 | New York..| Rome....... 1905 | California...| Visalia...... 200/ First New York
. Beet Sugar Co.
8.4 1808 [y (s (s oA Binghamton| 1904 | Idaho....... Blackfoot. .. 350 Bigghauéton Beet
ugar Co.
4...} 1808 | Ore on......| La Grande..| 1912 |..... dodiiiix Burley..,...: 350! Oregon Sugar Co.
5...| 1898 | California...| Crockett. ..., 1908 | California...| Corcoran....500-1,000, California Beet
X Sugar Refining Co.
6...| 1898 | Michigan....| Bay City....| 1907 | Jowa........ Waverly 350-500| Mic b Su Co.
7... 2899 toes. dowifra.. B%ntonllur- 1902 | Ontario..... Berlin....... 350 W&vm\ ugar
or. . A
8...] 1899 |.. . do......| Rochester...| 1905 | Wisconsin...| Madison.. .. 500 oit Sugt
9... 1899 1., .. do-...... Kalamazoo..| 1904 |..... doTS3 Chippewa. 500 ] 8
L ! Falls, CO%; A .
10..; 1899 { Nebraska...| Leavitt..... 1910 | Nebraska. ..| Scottsblufl..500-1,100 Standard Beet
\ | . Wy g ,»q"\u .
11..} 1900 | New York. .| Lyons......{ 1011 | California...| Anaheim.... ‘ o tate Sugar
~ ) Oy -
12..1 1901 | Michigan....| Saginaw....| 1905 | Colorado....| Sterling..... ‘Saginaw Sugar Co.
13..| 1902 | Ontario. . ... Dresden.....| 1904 | Wisconsin...| Janesvilledas) ) en Sugar Co.
14,1 1902 (.. ... do. .| Wiarton....] 1908 | California...| Santa Ana._| " 'Colonial Sugar Co.
15..| 1903 | Michigan....| East Tawas.| 1906 | Minnesota ..| Chaska... .. 600/ Tawas Sugar Co.
16..] 1905 | Colorado....| Holly....... 1915 | Wyoming...| Sheridan.... 600, Holly Sugar Co.
17..] 1906 | Idaho....... Nampa.....| 1916 | Utah........ SpanishFork 750 W&s}t Idaho Sugar
18..] 1906 { Michigan....| Charlevoix.., 1912 | Ohio.......4 Ottawa. ... 600, West Michigan
, Sugar Co.
10..| 1911 | Colorado. ...| Monte Vista.| 1916 | Wyoming...| Lovell. ... 600 Saél al;ucig Valley
ug g

The 99 mills now standing are for the most part favorably situated
for extracting and refining beet sugar under present conditions. In
many instances certain limiting factors will need careful considera-
tion and readjustment before @ sufficient quantity of raw material
can be assured annually to make all of them permanently successful
under normal conditions as beet-sugar centers. In many areas beet-
sugar mills have been crowded in too rapidly, so that it has not been
possible to seadjust the farming operations and install the required
drainage, irrigation, ete., with sufficient rapidity to provide the neces-
sary well:prepared acreage of sugar beets to insure a normal mill run.
ConSequently neither the mill owners ror the growers have received
under these conditions o maximum return for the money and labor

invested.
TaBLE I11.—Beet-sugar mills destroyed or used for other purposes than making
sugar.
Location, 8l

Dats N PAC- | present status.

No. , Reters Name of company. ity.
State. Town,
— {

" ille...| 1888 | Western Beet Sugar Co. ......--. 1,000 | Closed,! 1899.
; %{:}lgfgxl‘gm gtglﬁﬁ%‘r’xlfl.e. ..l 1802 | O. K. Lapham. gar ...... feeneen (%) gurned, 1804,
3...| New Mexico. .| Eddy......... 18906 | Pecos Valley Beet Sugar Co...... 200 Bumed, 1003.
4...| Minnesota.....| St. Louis Park| 1898 | Minnesota Sugrz:r C0...sziuunnnins 350 Cumod, 1005.
5...  Ilinois........ Pekin......... 1899 | Iilinois Sugar Refining Co........ 700 | Closed,3'1890.

1 Dismantled. 2 Not known. 8 (lucose plant, 1902,
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For several years the Office of Sugar-Plant Investigations, jointly
with the Office of Farm Management and independently, has been
studying the agronomic conditions found in each of the existing and
in some of the prospective sugar-beet centers. It is the purpose of
this paper to discuss the conditions which have been brought out in
these studies and to point out in a general way the factors that are
favorable and those that are unfavorable for the production of sugar
beets. The primary object of this paper, therefore, is to give a gen-
eral survey of the beet-sugar industry and to encourage the more gen-
eral application of those principles and practices which make for
better returns to the grower and to discourage those practices which
tend to reduce the yields and quality of sugar heets and‘of 6ther
crops and to unbalance the relation between erop produgtion and the
kind, number, and quality of the live stock on the beet farmgy the ul-

“timate object being an increased production of sugar and a.'stabihzﬁ-
tion of the beet-sugar industry. SR R T

. 8OIL. -

Almost any- fertile soil capable OfPrOdmmggood crops of other
kinds will. if properly handled; produce godd_-:gpgmf beets. More de-
pends upon the physical condition of the soil And the way in which it
is handled than upon the so-called kind or type of soil. Extremely
sandy soil or soil of a decidedly gravelly type iz not usually satis
factory for sugar-beet growingg . N AT

Raw soil—Generally speaking, ruw soil or new soil does not pro-
duce as large yields of sugar beets as way be obtained from soil that
has been under cultivation for some time. - In recent years much new
s0il has been brought under cultivation through the use of the sugar
beets; this in a measure has had a tendency to reduce the average
yield of sugar beetsiin this country. The argument in favor of grow-
ing sugar beets on new soil is that this crop will bring the raw soil
under eontrol and place it in good tilth for other crops more quickly
than almost any other crop now produced on a large scale on Ameri-
can farms. * Tt must be expected, therefore, that so long as new sugar-
beet territories are being opened in the partially developed sectiong
of the United States this factor, tending to keep down the average
yield of beet roots, will be effective. Also in many of the older sugar-
beet sections in which the growing of sugar beets is being extended
from year to year, whereby new lands are being brought under culti-
vation, this factor will be more or less effective in holding down the
average yield. In those sections where sugar beets have been grown
for many years, as, for example, in Utah, and in which a minimum
acreage of new soil is being brought in from year to year, the average
yreld of beets per acre is strikingly above the average for the entire

R
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country. Usually the grower who utilizes new soil for sugar-beet pro-
duction expects a comparatively low yield and is generally satisfied,
for the reason stated above, if the crop pays the cost of production.
While this is one of the causes of the low-average yield of beets per
acre in this country, it is by no means the only one.

Worn soil.—In those sugar-beet sections where this crop has been
grown for a number of years without proper attention to the main-
tenance of soil fertility and an adequate supply of humus, the yield
of sugar beets has been reduced. There are few sugar-beet areas in
which the soil fertility has been maintained or improved to the
limit of possibilities. It is apparent, therefore, that by proper at-
tention to soil conditions from the standpoint of fertility the average
yield of beets per acre may be greatly increased. The worn condition
of the soil is not due alone to the growing of sugar‘beets. All other
farm erops when grown without reference to increasing the supply
of available plant food in the soil and without proper attention to
the humus in the soil tend to reduce the yielding value of the soil.

Sugar beets are no harder upon the soil than are the other crops

“generally grown; all require the same plant foods in slightly differ-
ent proportions. If not supplied with the material removed by the
various crops or if the plant foods in the soil are not made available
by the application of humus and by proper cultivation, the soil be-
comes worn and infertile, and the yields of all crops, including sugar
beets, are greatly reduced. :

Quality of the soil.—Soils vary widely in their original qualities,
both physical and ¢hemical. ~ All agricultural soils are supplied in
varying proportions with the necessary plant foods for crop pro-
duction. Soil§ that have plant food present in great abundance
may be said to be rich. They are not fertile, however, unless these
plant foods are in soluble form or unless they are rendered soluble
as rapidly as the various materials are required by the plant in the
process of growth. The quality of the soil from the standpoint of
fortility may be greatly improved by proper cultivation, crop rota-
tion, and the addition of humus, as well as by the application of
lime or other material that will improve its physical condition. In
special cases special treatments, such as subsoiling and drainage, are
needed to make the soil highly productive.

SUBSOIL.

Tn the growing of sugar beets the subsoil is often of equal im-
portance with the surface soil.

Hardpan—Frequently the surface soil is underlain by a hardpan
which it is impossible for the beet roots to penetrate. The hardpan
may be of natural formation or it may be induced by improper
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tillage. If it is close to the surface and of such material that it can
not be broken up successfully, the growing of sugar beets suitable
for sugar making is impossible. Beets produced under such condi-
tions will be short, with a resulting low tonnage, or they will be
pushed out of the ground and consequently will be low in sugar and
purity. The nature of the hardpan is of considerable importance
in this connection. If it is of rock and near the surface little can
be done to improve its condition for sugar-beet culture, but if it is
simply a close and compact form of soil it raay be broken up with a
subsoil plow. An extremely hard subsoil is sometimes found in
the sugar-beet sections, especially in local areas, and this condition
sometimes constitutes a limiting factor in the production of this crop
in those areas as a whole or on certain farms or fields, depending
upon the location and distribution of the hardpan, I the hardpan
-1s present at a great depth it may result in holding too mueh mois-
ture in the surface soil, thereby rendering the Cq,ﬂ_d‘ﬁ'iullsfunfavorable
for sugar-beet production; if the hhrdp;m in ”‘HSOAS& ‘has suflicient,
slope to carry the water off, the unfa.vornblgs;Qpnditi_on' may be relieved
by proper drainage. DY &) W,

Porous s0il.—The reverse of the preceding condition is sometimes
found in sugar-beet sections in which the porous subsoil is of such a
nature and of such a depth that great difficuliy 1S experienced in
keeping the soil supplied with moisture during the Srowing season.
Rain or irrigation water passés rapidly through the subsoil and is
soon out of reach of the growing plant. If the porous subsoil is
very deep and extremeély porous the ground is unsuited for sugar-
beet culture. Frequently something can be done to relieve this con-
dition to a limitéd. extent. by proper cultivation and'by_-supplying
the surface soil with sufficient humus to enable it to retain enough
moisture toproduce a fair crop. A heavy crop of heets can not he

expected on a thin surface soil underlain with an extremely porous
subsoils

TOPOGRAPHY.

The unfavorable topography of an area is frequently the limiting
factor in the production of sugar beets. Mountainous areas can not
be utilized for the development of the beet-sugar industry unless
the valleys are sufficiently large to support a mill or are favorably
located with reference to an existing mill and composed of sufficient
fertile, tillable soil so that beets of proper quality and in sufficient
quantity can be produced at a reasonable cost. Many small valleys,
especially in the western United States, might be utilized in the
growing of sugar beets were it not for the fact that they are too
small to support a sugar mill and too far from existing mills to
Permit the beet roots to be transported at a sufficiently low cost.
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This problem may be solved by utilizing some practical means of
drying the beet roots. It is possible to reduce the weight of the root
by about 75 per cent without changing the quality or lessening the
quantity of sugar present. If this can be done with sufficient rapidity
and at a sufliciently low cost it will be possible to handle to advantage
the product of many small valleys and other limited areas. A sugar
mill can not be financially successful under normal conditions unless
it is supplied with a sufficient quantity of raw material to produce a
run of approximately 100 days each year, and it is desirable that a
considerable part of the supply be within wagon haul of the mill.
Any factor which reduces the working capacity or the operating time
of a sugar mill increases the cost of production of the sugar. The
small valleys mentioned above are sometimes used to supplement the
beet crop produced in other sections provided thehauling distance
by wagon or rail is not too great. _

Hills—Generally a hilly country is not satigfactory for sugar-beet
culture, especially if the hills are inclined to wash. ' The nature of
the soil of the hills is an important factor in determining whether
" sugar beets can be grown. Hauling heavy Joads in a hilly country is
also a matter of serious consideration. Usually from 3 to 5 tons of
beets are hauled at each load, and if hills must be climbed the loads
must necessarily be reduced and the cost of hauling consequently
increased. This in itself may be a limiting factor in the production
.of sugar beets in some otherwise favorable sugar-beet areas.

Level land.—In irrigated countries it is desirable that the surface
of the soil be sufficiently level to permit uniform irrigation. An ex-
tremely level ared, however, is objectionable because of the difficulty
in spreading the water over the entire field with sufficient rapidity.
This is especially objectionable in the case of sugar beets, which
should be'watered between the rows only, as shown in Plate I, figure
2. Again when the land, especially in irrigated sections, is very
level alkali frequently appears on the surface after repeated irriga-
tions, Sugar beets will tolerate a small amount of alkali, but all crops
are/injured by excessive quantities of alkali in the soil, especially
when. the plants are young and tender.

Rolling—Other things being equal moderately rolling land is
more desirable for sugar-beet culture than either extremely hilly or
very level areas. This is especially true in those sections where sugar
beets are produced under rainfall conditions. In irrigated sections
rolling land 1s not as desirable unless the topography of the country
is such that the area under cultivation can be irrigated readily. Under
irrigation conditions it is desirable that the land have an even
surface with a gentle slope of at least 7 feet to the mile. 1f the slope
is too marked the irrigation water passes over it too rapidly unless
special care is taken in applying the water.

63212°-~18-Bull. 721—-—2 ,
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CLIMATE.

One of the most important factors in determining the suitability of
a given area for sugar-beet culture is the climate. Frequently all
other conditions are favorable, while some climatic factor renders
sugar-beet growing unprofitable.

Temperature.—Successful sugar-beet. growing has been confined to
the temperate region in practically all beet-sugar producing coun-
tries. Frequently sugar beets will produce a satisfactory tonnage of
roots in warmer areas, but for some reason they generally are not
sufficiently rich in sugar to make them profitable in sugar making.
This is notably the case in nearly all parts of the southern United
States. Occasionally areas are found in these warmer zones where
sugar beets may be grown successfully. This is true’in southern
California and in some parts of Arizona and New Mexico, where the
adverse condition of temperature is overcome by &rowing the beets
during the so-called winter months or at least by getling the plants
started in the winter or early spring. In some sections the clevation
‘and the temperature of the prevailing wind are ‘-g‘u’f‘ﬁéient to modify
the climate so that sugar beets may be produced with profit. It the
winter months are too cold for the production of beets and the sum-
mers too warm for the proper storage of sigar in the roots, the
limiting factor is established which renders profitable sugar-beet
growing impossible with any of our known varieties.  Should it be-
come desirable to extend theé culture of sugar beets into the warmer -
sections of the country, it.1s possible that suitable varieties could be
developed that would be profitable from the standpoint of both ton-
nage and quality. -

Another important consideration is the fact that high tempera-
tures tend to encourage spoilage. This may be overcome by passing
the beets through the mill as rapidly as they are harvested and by
harvesting the roots as soon as they are matured. Regarding the
lower temperatures, sugar beets have been successfully grown in
practically all of our Northern States, and several beet-sugar mills
are operated successfully in Canada. It is apparent, therefore, that
the lower temperatures do not constitute a limiting factor in sugar-
beet growing in any of our agricultural sections. It would seem that
a short growing season would render sugar-beet production unprofit-
able in many northern areas, but the sugar beet is readily adaptable
to many adverse factors, and usnally in those sections where the
gmwing season is short the sugar beet grows rapidly and stores sugar
0 great abundance. Some of our most satisfactory sugar-beet sec-
tions, therefore, are to be found in our more northern States.

' Dllt'ing the period just preceding the beet harvest the difference
n temperature between day and night is an important condition in
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the development and storage of sugar. The young beet plant very
early in itg life begins to store sugar, but its maximum activity along
this line is reached in the fall, when the difference in temperature
between night and day is most apparent. This difference seems to be
necessary for the proper elaboration and storage of sugar and is
apparently a limiting factor in the production of sugar-beet roots
sufficiently rich in sugar to make them profitable for sugar-making
purposes. It is probable that the absence of cool nights at the end
of the growing season permits the continued growth and develop-
ment of the beets, thereby using up the sugar in plant growth instead
of storing it. - ‘

Moisture—~Moisture is necessary for the production of profitable
crops of sugar beets. This reaches the soil in the form of rain or
snow, or it may be applied artificially. Our present sugar-bect area
extends over a portion of the humid and the irrigated sections of the
country, as shown in figure 1.

In tht humid sections the moisture falls largely during the winter
months, although there are usually frequeént raing.during the spring
- and summer. Occasionally some part§ of the humid portion of our
sugar-beet area are visited by heavy rains in. the early spring, which
greatly delay the planting of the beets as well as of other crops. This
is sometimes followed about midsummer by a severe drought which
greatly retards crop growths If these conditions were of frequent
oceurrence over wide areds theywould constitute a limiting factor in
sugar-beet growing inthe humid sections; but they have occurred in
this country only indimited areas and at long intervals. Occasionally
rainfall is abundant at harvesting time, sometimes injuring the
sugar-beet crop by producing a second growth of the plants, which
greatly reduces the sugar content. The extent of this injury de-
* pends upen the condition of the beets and the duration of the rainy
periods  If this is followed by a period of favorable weather the
sugat content will be restored wholly or in part, depending upon the
duration and nature of the weather. It sometimes happens that the
beets must be harvested before the lost sugar is fully restored, either
to prevent the roots from freezing in the ground or to avoid a tem-
porary shutdown of the mill. Consequently, a second growth due to
late rains may cause serious losses to the grower and to the sugar
company. A season in the humid region in which the rainfall is
just sufficient to maintain a steady growth until near barvesting
time, followed by continuous fair weather accompanied by cool
nights and warm days, makes conditions most favorable for the pro-
duction of sugar beets so far as the humid area is concerned. These
conditions prevail generally in the humid sections where sugar beets

are growi.



12 BULLETIN 721, U. S. DEPARTMENT OF AGRICULTURE.

In the irrigated sugar-beet areas usually less than 20 inches of
moisture falls during the entire year, and frequently many of the
showers are so light that they are of no practical benefit in crop pro-
duction. Sugar-beet growers in those sections depend largely upon
irrigation. Frequently the showers that fall in irrigated areas are
detrimental rather than helpful in the production of sugar beets,
since they frequently cause the soil to crust. If thig crusting occurs
shortly after the seed is sown the young plants have great difficulty in
breaking through to the light, with the result that the stands are
very seriously injured and replantings are necessary. If thefshow-
ers occur soon after the beets are up and the ground crusts around
the young plants, the air is cut off from the roots and growth is
interfered with. This may sometimes be remedied by prompt eulti-
vation, although the plants are often so firmly embedded i the crust
that cultivation is difficult without: ser_ious i.n_j_u_ry to the plants.
Sometimes a moderately heavy roller of one of the types shown in
Plate IT will produce the desired result in breaking the crust. In
irrigated sections every effort should be mide to retain the fall or
winter moisture in the soil, and if the groundsiis dry in the fall,
irrigation is generally desirable. The soil should  be sufficiently
moist when the seed is planted to produce prompt and complete
germination, and there should be sufficient moisture in the soil to
maintain a steady growth for several weeks. As soon as the plants
indicate that they are suffering from lack of moisture they should
be irrigated. When beets wilt during the day and fail to revive ot
night they should be ‘watered without delay. Usually from one to
three irrigations during the growing season are sufficient to produce
a crop in most of the irrigated sections where sugar beets are grown,
When beets aré irrigated the soil should be thoroughly wet, and every
effort should then be made to retain the moisture as long as possible
by frequent cultivation.

Sunshiné.—The third element of climate which has a marked ef-
fect'on the quality of sugar beets is light, over which man has little
control except in the selection of locality. Tt is generally believed
that direct sunshine is an important factor in the production and
storage of sugar in the beet. Observation indicates, however, that
diffused light is almost, if not quite, as effective in producing and
storing sugar as direct sunlight. The importance of light should not
be overlooked, however, since without it the leaves could not manu-
facture sugar. Beet sugar is all made in the beet leaves by the action
of light upon the leaf green when moisture and carbonic-acid gas
are present. Without light this action in the leaf can not take place,

10 matter how favorable may be all other conditions for growth and
sugar production.
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SUGAR-BEET STAND.

One of the most important factors in sugar-beet production is the
stand at harvest time. A perfect stand of beets with the usual
width of row and the proper distance of spacing would consist of
30,000 to 40,000 plants to the acre. If each of the beet roots har-
vested weighed 1 pound, which is below the average in most fields,
there should be 15 to 20 tons of roots per acre. As a matter of fact
the sugar-beet stands as a rule are only from 50 per cent to 80 per
cent. perfect, and the average yield of beets in the United States is
about 10 tons. Absolutely perfect stands are not to be expected, con-
sidering the many factors influencing the stand and thedlarge area
in sugar beets, which is now nearly 700,000 acres annually. However,
there should be no difficulty in greatly increasing tlie percentage of
stand, thereby increasing the yield per acre. Careful attention has
been given to the factor of stand during the last few years, and by
actual count in many fields in all parts of the sugar-beet area it has
been found that the stand at harvest time very frequently is as low
as 50 or 60 per cent. It is very seldom/that a field has more than 80
per cent of a perfect stand at harvest time. Many factors influence
the stand, some of the most important of which have been carefully
studied.

Seed.—The quality of the seed is a primary factor in the stand of
sugar beets. All beet seed imported from foreign countries must be
up to a certain standard of germination and purity ; otherwise it need
not be accepted. As'a rule sugar-beet seed stored under proper con-
ditions will retain’its vitality six or seven years. Usually we have
no means of knowing the age of the seed that is shipped to this coun-
try, and it is entirely possible that seed imported is sometimes near
the limit of its vitality and if held over for one or two years may de-
teriorate in germinating power. It is customary for sugar com-
paniés to retain a part of their seed from year to year to provide
against replanting or to take care of belated contracts. All reserved
sood as well as new lots should be carefully tested for germination
before it is given out to the growers. If the germination of the seed
is too low to produce a good stand of beets at the usual rate of plant-
ing, either the seed should be discarded entirely or a suflicient quan-
tity of seed should be planted to instre a stand.

With American-grown seed no difficulty should be met in ascer-
taining its age; in fact, all American-grown seed is utilized within
a year or two following its production, so that at present there is
no danger of the home-grown seed losing its germinating power be-
fore it is planted. All American seed, however,.shoul(]. be tested
carefully for germination, for the reason that certain conditions dur-
ing the process of growth, development, and storage of the seed
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may render it weak or nongerminable. One of the most important
factors affecting beet seed adversely during its development is the
false chinch bug, which occasionally appears in some beet-seed grow-
ing localities. These insects infest the beet-seed balls and stalks
and by sucking the juice from the plant may prevent the seed from
maturing. Careful experiments are now under way, in cooperation
with the Burean of Entomology, looking to the control of this pest.
The health and vitality of the beet root when planted for seed is an-
other important factor influencing the quality of the seed. Beet
roots-that have been weakened by Phoma rot or other diseases of the
root will sometimes produce seed stalks, and frequently the seed will
form; but the plants often die before the seed is mature.” If the
seed stalks bearing the nonmatured seed are ha-rvested_ and the seed
balls from these stalks are mixed with the matured seed, it i§ evident
that the percentage of germination will be matetially reduced. Hot
dry winds at the time the seed is forming tend toiprevent the seed
balls from maturing. 5 otk B 4

The water supply during the growing season has also a marked
effect upon the quality of the seed. If the supply’of moisture is too
low, especially at the time when the seed is forming; all will not ma-
ture and the yield of viable seed will be redueed. ~Tn the humid sec-
tions where seed is grown we have no divect control over the mois-
ture supply except in so far as.we are able to retaiu the moisture in
the soil by proper methods of enltivation. In the irrigated sections
wherever water is constantly available the moisture supply is un-
der the control of the grower. Tt is not advisable to undertake the
growing of sugar-beet seed in those irrigated sections where an
abundant supply of twater is not available for irrigation when needed.

The seéd bed~—The condition of the seed bed as a factor influenc-
ing sugar-beet stands is of an importance equal to the quality of the
seed. In general, the seed bed should be firm and moist and capable
of retaining its moisture under all conditions for a considerable
period.. TIn order to produce such a seed bed the soil should be thor-
oughly supplied with humus. The ground should be plowed in the
fall; in order that it may catch the winter rain and snow, and the
surface should be harrowed as early as possible in the spring, in
order to retain as fully as possible the moisture in the soil at that
time. The seed bed should be worked from time to time to destroy
the weeds that may appear, as they rob the soil of moisture as well as
of fertility. Just before planting, the seed bed should be thoroughly
worked down and firmed, so that the surface will be uniform in tex-
ture and in firmness. If the bed is not uniformly firmed, the drill
wheels will sink deeper in some places in the field than in others, with
the resulf that some of the seed will be o deeply covered that the
plant-s wil} not reach the light or they will be more or less retarded,
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producing a spotted or uneven stand. The seed should be drilled
into the firm seed bed, so that it will be constantly in contact with
the moist soil. (PL I, fig. 1.) Poor stands are probably produced
oftener by too deep and uneven planting, due to a poorly prepared -
seed bed, than by any other cause.

Date of planting—No specific date for planting beet seed can be
given, since much depends upon local soil and weather conditions.
In general, however, it has been found that the soil should be warm
and uniformly moist before the seed is planted, as beet seed will not
germinate satisfactorily in a cold, unevenly moistened bed. A few of
the stronger plants may come up in the moist spots if the seed bed is
not too cold, but the stand will be uneven and far from perfect. It
is advisable, therefore, to see that the soil conditions.are right before
planting. Generally there is a planting period of several weeks
during which the seed may be placed in the ground with good
results. Tt has been observed that late plantings will frequently
give better results than the very early plantings:” It is not advisable
to plant in soil that is too dry or too wet.  If the'soil is too dry and
irrigating water is available, it is best todrrigate before planting; if
irrigating water is not available and the indications are favor-
able for rain, it will usually be advisable to wait until rain has fallen.
* If the ground is too wet when the seed is planted, there is danger of
the seed rotting and thereby failing to produce a stand.

Winds—1In some localities Wwind is an important factor affecting
the stand of sugar beets. Aside from the effect of wind upon seed
formation, as previously noted, wind is effective in two ways in in-
juring the stand of beets. Tf the soil is sandy, strong winds may shift
the sand so that the seed is covered too deeply and the young plants
can not get through to the light, and if the beet seedlings are up the
wind may earry the fine particles of sand against the tender plants
with-&uch foree that they are destroyed or severely injured. This
frequently occurs in level areas where strong winds prevail i.n early
spring. The destructive effect of winds may be overcome, in part
at least, by drilling in the seed at right angles to the direction of
the prevailing winds and by ridging the ground slightly between
the rows.

Orust—In many sugar-beet localities the soil has a strong ten-
dency to crust if it is moistened and then quickly dried. Showers
sometimes fall shortly after the seed is planted, followed by sun-
shine and drying winds, and in cases where the soil Ifxas a .tend.ency
to bake a very hard crust will frequently form, which will elthf’r
prevent the young plants from coming through to the l_1ght.or will
cause a very uneven stand. The crust formed will vary 1 thickness,
depending upon the nature of the soil and the conditions of the
weather. If the crust is thin:and the young plants have not been



16 BULLETIN %21, U. S. DEPARTMENT OF AGRICULTURE.

caught in it, a light harrow or a roller will sometimes put the sur-
face in shape so that the plants will break through. If the crust is
thick and the plants are embedded in it, there is frequently no remedy
except to harrow the ground and replant. A crust may be prevented
or greatly retarded by the use of lime and by keeping the ground
well supplied with humus. :

Blocking and thinning.—A good stand of beets very largely de-
pends upon careful blocking and thinning. Blocking consists of cut-
ting out a portion of the beets by means of a hoe or other suitable
implement (P1. 11T, fig. 1), usually operated at right angles to the
row, leaving the remaining beets in tufts from 8 t0-10 inches apaxt.
This should be done while the beets are very small. Tt iswvery easy
for the careless workman to strike the row at an angle, making the
distance between the tufts very much greater, and frequently the
tufts themselves are destroyed by careless nse.of the blocking imple-
ment. When the plants have been destroyed, pra¢tieally néthing can
be done to replace them. Transplanting to.vacant spaces has not
been found practicable on a commercial scale, . 1o -

The thinning is done by hand and ¢énsists inspulling out from
each tuft all the plants but one. Careless workers will often destroy
or pull out all the plants from the tuft, theveby reducing the stand.
The young plants when thinned are frequently left with the dirt
removed so that the tender steins are subject to the influence of the
rays of the sun, the heat 6f which sometimes destroys the young
plants. The dirt, therefore, should be brought around the plant that
is left, thereby protecting it from injury. :

Cultivating—Many etherwise good stands of beets are seriously
injured by the cultivator, either by covering the young plants with
dirt or by tearing thein out. This injury ig sometimes due to care-
lessness and sometimes to accident. Sugar beets are usually culti-
vated bysmeans of a 4-row cultivator (Plate 1V, fig. 1). If by acci-
dent or otherwise the cultivator is permitted to shift so that several
plantsare injured or destroyed in one row, the same number of plants
will be injured or removed from each of the four rows. This is a
common cause of poor stands in many fields. A few beets cut out of
four rows here and there in the field each time the beets are cultivated
will have a marked effect upon the final stand and will greatly reduce
the yield of beets harvested. The success in operating the cultivator
depends upon the condition of the seed bed and upon the animals and
the driver, as well as upon the adjustment of the implement. By
careful attention upon the part of the driver, nearly all the injury
due to cultivation may be avoided, provided the seed bed is in good
condition and the drill rows are straight. When the beet leaves cover
the ground, as shown in Plate IV, figure 2, the crop is laid by, and no
further work is done until the harvest begins. ;
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Bul. 721, U. S. Dept. of Agriculture. PLATE I.

FIG. 1.—PLANTING SUGAR BEET SEED WITH 4-Row DRILLS, WHEREBY THE SEED
gHOULD BE PLACED AT A UNIFORM DEPTH, IN STRAIGHT -ROWS, AND IN A FIRM
EED BED.
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FiG. 2.—A FIELD OF SuGAR BEETS, SHOWING FURROW IRRIGATION; EVERY ALTERNATE
Row FURROWED.
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Bul. 721, U. S. Dept. of Agriculture. : PLATE Il.
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Fia. 1.—THE SM0OTH ROLLER, A USEFUL |MPLEMENT";’N.,{.RACMNG THE SEED BED BEFORE
AND AFTER PLANTING. :

Fia. 2,—THE CORRUGATED ROLLER, AN IMPLEMENT WHICH BREAKS THE CRUST AND
RIDGES THE GROUND AGAINST WIND EFFECT.



Bul. 721, U. S. Dept. of Agriculture. PLATE IIl.

Fia. 1.—BLOCKING AND THINNING SUGAR BEETS; AN OPERATION THAT MusT BE PER-
FORMED BY HAND AS SOON AS THE BEETS ARE LARGE ENOUGH.

Fia. 2.—FLOODING A FIELD OF SUGAR BEETS, A METHOD OF IRRIGATION WHICH
DESTROYS THE STAND OF BEETS AND INJURES THE SOIL.



Bul. 721, U. S. Dept. of Agriculture. PLATE IV.

i Fia. 1.—A 4-Row CULTIVATOR, WHICH IF NOT CAREFULLY USED MAY DESTROY A
GooD STAND OF BEETS.

Ly
L A ;

B T M
s
N

Nt P g
e B 4
AR P AR

_—

Fia. 2.—A FIELD OF SUGAR BEETS WHOSE Toprs COMPLETELY COVER THE GROUND,
AT WHICH STAGE THE CROP MAY BE LAID By.
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Diseases affecting stand.—One of the common agencies affecting
the stand of sugar beets is disease. Nearly all of the sugar-beet dis-
eases are due to parasitic organisms. One of the most serious
affecting the stand is the damping-off of the young beets. Later
in the season root-rot does considerable damage in some localities.
Leaf-spot frequently injures the beets and reduces the tonnage, but
does not often destroy the stand. All fungous diseases may be greatly
reduced or entirely controlled by proper cultural methods, including
the proper rotation of crops. There are several diseases which some-
times destroy entire fields. The disease known as *curly-top ” be-
longs to the group. This is an obscure disease, the cause of avhich is
not definitely known. The Office of Sugar-Plant Investigations in
cooperation with the Bureau of Entomology is making an earmest
effort to determine the cause of this disease and todfind a practical
means for its control. Another serious pest affecting the stand of
beets is the sugar-beet nematode. The nematede first appears in a
field here and there, destroying a few beets. Irom year to year this
becomes more marked if beets are grown continuously in the infested
fields, and eventually the whole field will be affected and a worthless
crop will result. The Office of Sugar-Plant Investigations in coopera-
tion with the Office of Agricultural Technology is carrying on ex-
tensive experiments in all areas infested with the sugar-beet nematode,
with a &iew to controlling this pest in a practical way, so that profit-
able crops of beets may bé grown in spite of the nematode. Ior a
further discussion of sugar-beet diseases, see pages 44 to 4T.

Insects affecting stand.—There are several insects affecting the
stand of sugar beets. The most common during the early stages of the
beet are wireworis and cutworms. The latter usually cut off the root
at some distance below the ground. As a result the plant dies or pro-
duces a very short root. Sometimes the cutworms destroy beets hgre
and there in the field, but when the pests are npmerous the entire
stand ‘may be destroyed, necessitating replanting in order to produce
a erop. White grubs also are serious pests. T he).f are the larve of
the May and June beetles. They occur frequently in sod gromlnfl and
are to be expected in beet fields where beets follow sod. Later in the
season army worms and related pests frequently do considerable
damage. Even if the stand is not geriously injure.d by t}}e pests the
tonnage is greatly reduced. For a further diSCllSS}On of insect pests
affecting sugar beets, see pages 47 z}nd 48. For a list of publications
relating to sugar-beet diseases and insects, see pages 55 and. 56.

Rodents affecting stand—In some localities ground squirrels and
other rodents are a serious menace to the sugar-beet crop. They feed
upon the beets from the seedling to the mature stage, but do most
of their damage when the beets are about half grown. They some-

63212°—18—Bull. 721—3 S0 N AL o b
| RACIED HAAH ‘

' ! fn. HOj‘b g 1"



18 BULLETIN 721, U. S. DEPARTMENT OF AGRICULTURE.

times make serious inroads upon the stand of beets. These pests may
be destroyed by the use of poison or by trapping.

WATER.

- Excess or deficiency of water may be a limiting factor in sugar-
beet production.

Precipitation—In the humid sections of the sugar-beet area beet
growers depend upon rainfall and. snow for the necessary supply of
soil moisture. Usually the snow and the spring rains put the soil in
good condition for planting, and the summer rains keep the crops
growing until the end of the season. Whether the precipitation will
furnish an excessive amount of moisture for the soil will depend upon
soil conditions as well as upon the amount of precipitation. For
uniform soil conditions, however, the consideration of precipitation
1s of vital importance in the growing of sugar beets. Bxcessive pre-
cipitation may be detrimental in two ways: (1) By preventing a
proper preparation of the seed bed, and (2) by saturating the soil to
such an extent that the air is excluded from the plant roots and the
proper growth of the plants thereby preyeénted. Likewise,a deficiency
of precipitation may make a proper preparation of the seed bed impos-
sible, or it may put the seed bed in such condition that the germina-
tion of the seed or the subsequent growth of the plants may be
impaired. Txcessive precipitation may be remedied undér cer-
tain conditions by a proper system of drainage. (See pp. 21-23.)
The lack of moisture may be remedied in part (1) by putting the
proposed seed bed in a proper condition to catch and hold the
fall and winter moisture; (2) by subsequent cultivation, where-
by a mulch is formed on the surface of the field, thereby retarding
evaporation; and (3) by supplying the soil with a suitable amount,
of humus.

Irrigation.—The use of irrigating water is theoretically simple, but
its practical application is very complex, calling for a knowledge of
plant growth and soil requirements based upon experience and good
judgment. . Tt is one of the most important factors in sugar-bect
production in the semiarid regions. Good crops are sometimes ruined
by a lack of knowledge of the water requirements of plants and
by want of experience in applying the water.

There are four sources from which irrigating water may be ob-
tained, namely, from reservoirs, direct from streams, from flowing
wells, and by pumping. A reservoir is a storage place in which an
excess of water due to melting snows or from other sources may be
stored for future use. Stream irrigation implies either a continuous
or an intermittent flow of water in a river bed which may be drawn
upon when needed. Pump irrigation is practicable when the sub-
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surface water is present in suflicient quantity and at a shallow enough
depth to supply the necessary water for crop production at a reason-
able cost.

Reservoirs are either individual storage places which supply mois-
ture for a single farm or part of a farm or they may be community
enterprises operated by the landowners or by an irrigating company.
Community reservoirs are sometimes filled direct from permanent
streams and sometimes they are filled during freshets, while individ-
ual reservoirs are frequently supplied with water by pumping; in
this manner pump irrigation may be direct or indirect. By direct
irrigation the water,is pumped into the ditches or laterals and‘spread
at once upon the fields; by indirect irrigation the water i8 pumped
into a reservoir, from which it is distributed upon the field when
needed. There are difficulties to overcome in each ©fithe methods
of irrigation mentioned. In utilizing water from a community res-
ervoir it is necessary for all farmers under the ditch from this reser-
voir to use the water at a time agréed upon by the majority of the
users, regardless of the requirements of alLof the erops to be watered.
In case the water is not used by one or more farmers when the reser-
voir is open, they must await the next opening of the reservoir, which
may be several weeks later, regardless of the injury that the lack of
water may cause to their crops. The reservoir can not be opened at
the will and pleasure of each water user. To do so would cause a
oreat waste of water, which is often of greater value than the land
itself. |

Water from a community reservoir is usually prorated and meas-
ured to each farmef go.that he is able to obtain only his share; like-
wise, in using water fromsa stream in which the supply is limited it
is prorated and measured, and irrigation must cease when the allotted
number of @cre-feet<has passed through the gate, regardless of the
crop reguirements. If the pumping plant is a community plant
practically the same regulations obtain as in the case of the com-
munity reservoir, that is, each farmer ent_itled to water must use it
at adefinite time agreed upon by a majority of the users, whether
his erop needs water or not. It would, of course, be too expensive
to operate the pumping plant for a limited number of farmers whose
crops were not in need of water at the regular irrigating period.
The individual plant is usually more satisfactory from the stand-
point that water may be available when needed. The expense, how-
ever, of installing and operating individual pumping plants has fre-
quently been beyond the means of many of the farmers in a given
community. It is apparent, therefore, that the water supply for ir-
rigating a sufficiently large area to insure the growing of the neces-
sary acreage to enable a sugar mill to operate successfully is fre-
quently the deciding factor in the growing of sugar beets. The prob-
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lem of water supply should be considered carefully before any large
sum of money is expended in the erection of a mill in any locality
in which irrigation is necessary.

If the water supply in a given area will insure the growing of
only 5,000 acres of sugar beets annually under proper crop rotation
and under other conditions favorable to sugar-beet culture, it would
not be advisable to build a mill baving a capacity greater than 500
tons per day. It frequently happens that a large part of the water
used for irrigating purposes is wasted either by badly constructed
ditches or by improper methods of irrigating. Ditches are im-
properly constructed when they allow an excessive amount 6f seep-
age or when they are so easily clogged that they overflow.. WUnder
the methods in practice it is sometimes impossible to avoid using
water on certain fields when it is really not neededf Qecasionally
the water is turned on from the reservoir or the community pumping
plant is put in operation before the water is actually needed by any
of the growers. Much can be done to delay, the first ifrigation and
to extend the time between irrigations by proper preparation of the
seed bed and by proper cultivation. In most. irrigated areas the
actual water supply is limited, and in order 40 meet the crop re-
quirements as nearly as practicable there should be no waste of water
beyond the unavoidable losses due to seepage and evaporation.

Methods of irvigation—There are two general methods of irrigat-
ing sugar beets, namely, by#looding, as shown in Plate IIT, figure 2,
and by the furrow method, ag&hown in Plate 1, figure 2. The first is
generally detrimentaldtor sugarsbeet production and is wasteful of
water. In flooding'the entire surface of the field, more water is
used than wouldibe used. by the furrow method. There is a much

“larger surface for evaporation. The air supply is cut off from the
beet roots, and as soon as the ground begins to dry after a flood irri-
gation the surface frequently forms a crust, which further cuts off
the air‘supply, promotes evaporation, and incases the beet plants in
suchia way that it is very difficult to cultivate or otherwise work the
plants witheut doing some damage. It is argued that flood irrigation
isinecessary in certain sections where the slope of the land is slight,
but it s seldom the case that the slope is not sufficient to enable the
careful irrigator to use the furrow method, especially if proper lat-
erals and cross ditches are used. In using the furrow method of
irrigation a furrow is made between the rows of beets or between
- each alternate row and the next, as shown in Plate I, figure 2, and
frequently this furrow is smoothed or sledded out by an implement,
as shown in Plate V, figure 1, which is drawn lengthwise through
the furrow, leaving its surface smooth and well adapted to carrying
the water. The water should be turned into these furrows and
should be confined to them entirely, without flooding the surface
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around the. beets. The water should be allowed to flow until the
soil is thoroughly wet. The head of water which is used in furrow
irrigation must not be too large, as shown in Plate I1I, figure 2.
The size of the head must be governed by the slope of the land, by
the nature of the soil, and by the number of furrows that can be
supplied at one time,

Leveling —In order that irrigation may be properly done the field
must be carefuily leveled, as shown in Plate V, figure 2. This is
frequently a limiting factor on many fields and occasionally in an
entire community. The lack of success in at least one sugar-beet
area is due primarily to the failure of the growers to level the@round
properly. It usually requires several years to level a field properly
for furrow irrigation, for the reason that the depressions‘that @re
filled during the first effort to level the field will usdally. settle and
still leave slight depressions, while the higher points frem which the
soil was removed to make the fills do not settlgsand anmnevenness
results. Tt the leveling proeess is repeated. for twe'or three years
the ground is generally sufliciently level toadmit of furrow irriga-
tion. If the ground is very uneven thé Fresmosscraper may often
be used to good advantage. In some loealities the surface of the
soil is by nature sufficiently level to admit of proper irrigation. In
other sections the slopes are sufficiently long and the source of the
water supply so high that it ean be carried to the highest point and
distributed over large areag'witheut going to the expense of leveling
the ground. In the processfof leveling, the better surface soil is
removed from the high point and carried to the depression. It is
then necessary to improve the areas from which the better soil has
~ been removed, either by the use of stable manure or a leguminous

crop. Sometimes several years are required to make a leveled field
uniform in fextilitymas well as in firmness of surface.

A verylcoarse soil, especially if it has a porous subsoil, is irri-
gated with great difficulty, and frequently much time and money are
wasted in leveling such lands, as they arve not adapted to the grow-
ing b;f'éugar heets or other intensively cultivated crops.

DRAINAGE.

Drainage has an important bearipg‘ npon sugar-beet growing in
general, as well as upon the production of other farm crops. Large
areas of land that are now too wet to be cultivated could be put under
tillage and produce good crops -.if,vpl‘ol)er]y drained. Other large
areas now under cultivation are 1n many instances becoming water-
logged, especially in the irrigufed]secti.ons, and will s.oon"TJ'e unfit
for crop production unless they are drained. In some instances the
further expansion of the sugar-beet acreage is limited to the bringing

in of areas through drainage.
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Natural drainage—Tortunately a large part of the tillable area
now devoted to sugar-beet culture has a natyral drainage. This may
be due to one of several conditions.

(1) The surface of the ground may be sufficiently rolling to drain
naturally. In some instances the slope is so great that the water
passes off too quickly, and consequently the land is unproductive
because of excessive surface drainage.

(2) Certain areas have a natural drainage due to a sloping sub-
soil. As previously noted, some areas have a subsoil that is more
or less impervious to water. If the impervious subsoil is sloping,
the water falling upon the surface soil will pass through te the sub-
soil and gradually disappear along the sloping subsoil. Tn this case
natural drainage is satisfactory and needs no partieular attention
provided the impervious subsoil is not too near or too farfrom the
surface, and provided further that there is a natural ‘outlet, so that
the water will not eventually back up along the 8lepe ‘or incline of
the subsoil. <h &

(8) The natural drainage accomplished by means of a porous
subsoil has been already noted. Thete are localities in which the
subsoil is so porous that it is almost impessible to hold sufficient
water in the seed and root beds to produce a crop of beets. There
are therefore localities in which the natural drainage is of such a
nature, either through a lack.of of moisture or through an excess of
water, that natural drainage eonstitutes a limiting factor in sugar-
beet production. - @

On the other hand, there arc areas and fields in which artificial
drainage must be practiced in order to put the soil in condition for
sugar-beet production. Several systems of artificial drainage are
in general use.

T'he open ditehs==An open ditch constitutes one of the methods by
which this Jimiting factor of excessive moisture is removed. Tt is
the least expensive method of providing artificial drainage, especially
from the standpoint of labor and material involved. However,
considerable tillable groufd is lost through the construction of open
ditehes. This loss is due to the space occupied by the ditch and by
the ditch bank. In constructing an open ditch these points should
be kept in mind, so that the least possible loss of tillable arca will
result. The open ditch constitutes a barrier which can not readily
be crossed in the usual farming operations. Tt is advisable, wherever
practicable, to construct these ditches along the edges of the ficld,
along roadsides, and in places where they will interfere least
with the farming operations. Sometimes it is necessary to cross
the fields with ditches in order to drain. the ‘soil properly; in such
cases the fields and ditches should be so laid out that the ditches
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will run lengthwise of the field, thereby avoiding the crossing of the
ditch in the usual farming operations. The size and depth of the
open ditch will depend upon the length and fall of the ditch, the
location of the subsoil, the amount of water to be carried, and the
position of the outlet. It should always be deep enough to prevent
any interference of the water table with the crop to be grown.

T'he blind ditch.—The most satisfactory method of artificial drain-
age is the blind ditch. In the construction of this ditch tile is used
most commonly. Many fields that otherwise would not yield profit-
able crops have been reclaimed by the blind ditch. These ditches
should be laid out very carefully with reference to directiony depth,
and slope, so that the entire area under consideration willbe drained
thoroughly. The size of the tile is very important. Tiles that are
too small must never be used. This is false economy, and it frequently
results in added expense in that the small tiles must be taken up and
replaced with larger ones. The tile should be large enough to carry
off the water quickly in times of excessive rainfall, deep enough not
to be disturbed by the plow or other implements, and laid so care-
fully that the ends will fit against each other evenly and a gentle
and continuous fall provided, without' depression or elevation.
The outlet of the blind ditch should be kept open that the water
may flow freely. ‘

SEEPAGE.

Seepage is closely related tordrainage. Many fields or areas that
otherwise might be profitable for crop production are rendered use-
less by scepage. This is especially noticeable in those areas where
irrigation is practiced.. Seepage is detrimental to the soil in several
ways: (1) Asa@ loss of water, especially in cases where water has
been stored.for irrigating purposes, and (2) through a loss of the
use of the'land, either because the soil is too wet for crop production
or becatise of the accumulation of soluble minerals which are brought
to the surface through seepage. The injurious soluble minerals
usually are known as alkali.

Séepage from streams—Some streams are so located nat.;urally that
a portion of the water seeps out 1_1'!.to the adjacent soil, forming
marshes or waste places due to escessive moisture; this is especially
true where the fields adjacent to the stream are low, level, or under-
lain with an impervious subsoil. 40 he. nature of the bank of the
stream is of importance in this connection, I.f the overflow at flood
time is prevented by the construction of dikes the land may be
made productive by drainage. Usually these marshlands when
drained are very fertile and produce g()oq crops, though they. are
not always the best for sugar-beet production, sinee they sometimes

produce large roots low in sugar.
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Seepage from ditches—It is sometimes necessary to construct irri-
gating ditches higher than the surrounding area in order to carry
the water across low places or to carry it long distances. It is very
common for the water to seep through the ditch bank in such cases
and te saturate the surrounding fields, especially if the soil in those
fields has a high water-holding capacity. Ditches constructed of clay
or other close-textured material seep to a less extent than ditches con-
structed of sandy or other porous material. In the case of sandy
ditches the holding capacity may be increased very greatly by oiling
the surface of the ditch with crude oil; this can be applied economi-
cally only in those localities not far removed from the source of oil
supply. Where the oil is available it may be spread over the inner
surface of the ditch when the ditch is empty and should be allowed
to soak into the soil. A second or even a third application of the oil
will improve the condition of the ditch. Ditches treated in this man-
ner will carry water with almost no loss, and when the work is done
properly the oiled surface will frequently last for several years. If
the oil is spread over the ditch bank, weed growth will be prevented,
or at least decidedly retarded. There is always some seepage from
the ordinary untreated earth ditch, and the amount of damage done
by this seepage will depend upon the nature of the ditch and the
soil of the adjacent fields. The seeped areas may sometimes be ren-
dered tillable by drainage. '

Seepage from earth resgpvvirs—The area of land damaged by
seepage from earth reservoirsds less than that from ditches, but the
total is considerable andis usually progressive; that is, a small area
first appears to be svater-logged and this gradually increases from
year to year until'large areas involving fields and sometimes entire
farms are destroyed. Seepage from reservoirs will depend upon the
constructionof the reservoir and upon the nature of the surrounding
country. . Reservoirs are sometimes constructed in mountainous areas
for thedpurpose of catching and storing flood waters due to melting
snows.. Generally the location of these reservoirs is such that no
damage is done to the soil through seepage; the only loss in such
cases is eaused by the quantity of water which seeps away and be-
comes unavailable for irrigation purposes. In other instances reser-
voirs are constructed of cement, which is nearly impervious to water,
and consequently little or no loss from seepage results. The serious
injury due to seepage from reservoirs takes place in those localities
in which the reservoirs are constructed entirely or in part of earth
and in which the surrounding country is composed of tillable land
in such cases the loss due to seepage is sometimes of considerable
importance. :

Allali—As already indicated, one of the serious results of seepage
is the accumulation of alkali in the surface soil. In such cases
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saelchil i

Fia. 1.—A SLEDDING IMPLEMENT USED IN SMOOTHING ARRIGATING FURROWS IN SUGAR-_
BEET FIELDS, BEING SOMETIMES HELPFUL IN DISTRIBUTING THE WATER.

Fi. 2.—A FLOAT USED IN LEVELING THE SEED BED FOR SUGAR BEETS.
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FiG. 1.—PREPARING LAND FOR SUGAR BEETS BY PLOWING UNDER A CROP OF ALFALFA,
ONE OF THE BEST GREEN FERTILIZERS WHEN THUS TREATED IN THE FALL.

Fia. 2,—HAULING SUGAR BEETS TO THE MILL, THE COST BEING GREATLY REDUCED
BY Goop ROADS,



THE BEET-SUGAR INDUSTRY IN THE UNITED STATES. 25

there must be more or less alkali dissolved in the water. As this
water rises to the surface of the soil it brings with it the salts held
in solution. After the water evaporates from the surface of the
soil the alkali remains, and it may eventually accumulate to such
an extent that crop production is greatly reduced or rendered
entirely impossible. This condition is a limiting factor in the pro-
duction of sugar beets as well as other crops in certain portions of
the sugar-beet area. The sugar beet is one of the most alkali resistant
of our farm crops, but even with this plant the limit of endurance
is sometimes reached or exceeded, and beet growing becomes un-
profitable. Alkali in the seed bed is especially troublesome, since
the young plants are very tender and therefore susceptible to this
and other adverse conditions. If the beet plants are well started
before the alkali accumulates in the surface soil, much less damage
will be done, as the subsequent growth of the plants is less affected
by the same amount of alkali. The alkalinity of a $6il may be
reduced by the use of irrigation water, provided the irrigating water
1s comparatively free from alkali and a satisfactory drainage system
has been established.
FERTILITY.

Llements of plant growth.—By fertility in this connection is meant
the ability of the soil to produee a good crop. The difference between
a rich soil and a fertile soil.should be kept in mind—that is, a soil is
rich if it contains a considerable quantity of each of the elements
required by the plantdn the process of growth. Unless, however,
these elements are available to the plant and the physical conditions
of the soil are such as to promote plant growth, the soil can not be
-said to be fertile. If a single element required by the plant, though
present, is not soluble, this condition will render the soil infertile.
In order that-an element may be available to the plant, it must be
solubley and 16 must dissolve rapidly enough to supply the plant with
that particular element as rapidly as the plant requires it. Certain
elements are always available when present; other elements must be
acted upon by certain substances under certain conditions in order to
become available or soluble. It is apparent, therefore, that fertility
is one of the limiting factors in the production of sugar beets as well
as of other crops. SN

The sugar beet requires the same elements of plant food that are
required by other field crops, but in shghtly different proportions;
for example, a 10-ton crop of sugat -beets. ( wh'lc.h 18 approximately
the average yield for the United St:%tes) ‘wﬂl require about 30 pounds
of nitrogen, 14 pounds of phosphoric acid, and '71 pom}ds of potash;
a wheat crop, yielding 20 bushels per 3“-'1'}33,“'1.1,1 Eeare 41 pounds
of nitrogen, about 13 pounds of phosphoric acid, and 17 pounds of

63212°—18—Bull, 721—4
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potash; a corn crop, yielding 40 bushels of ears to the acre, will
require 56 pounds of nitrogen, 21 pounds of phesphoric acid, and 23
pounds of potash ; clover yielding 2 tons of hay per acre requires 83
pounds of nitrogen, 18 pounds of. phosphoric acid, and 88 pounds of
potash. These elements are requil"ed_by all field crops, an(f, in addi-
tion to these, seven other elements are required in much smaller quan-
tities. These elements are always present in agricultural soils in
larger or smaller quantities. The ‘two questions, therefore, with
regard to soil fertility, so far as the composition of the soil is con-
cerned, are whether the required elements are present in sufficient
quantity to produce the desired crop and whether the elements are
available or soluble in such quantity and at such time during the
growing season as the plant requires. In addition to the presence
of these clements, as indicated above, the soil must{bévin proper
physical condition to promote plant growth in order to be fertile.
In the production of sugar beets a moderately fertile soil is required.
If the soil is lacking in fertility the roots may be t00 small to produce
sufficient tonnage to make the crop profitable to the grower. Under
ordinary farm conditions there is little danger of the soil being too
fertile for satisfactory beet growing. Occasionally spots are so fer-
tile that large roots low in sugar are produced, as, for example, an old
feed lot, a barnyard which has been turned into a portion of the field,
ot a spot where an old straw stack has been left to decay. These areas
are small and insignificant when compared with the total sugar-beet
acreage in the United Stafes;but they sometimes have an important
bearing upon the results on an individual farm, especially where the
sugar-beet acreage on that particular farm is small. The greatest
danger from the standpoint of fertility arises from the lack of those
physical conditions or the absence of available plant foods to produce
large yields:" The principal problem, therefore, in this connection
lies in the improvement of the fertility of the soil. Soils may be
rendered infertile through natural causes, such as leaching, and
through artifieial causes, such as single cropping, improper crop rota-
tion, and the improper proportion of live stock to crop production.
One of the principal methods that may be employed to increase soil
fertility is the addition of humus to the soil, either in the form of
stable manure or of green crops plowed under.

Stable manwre~—One of the most satisfactory methods of supply-
ing humus to the soil is the proper use of stable manure. A close
relation should exist between the number of live stock on the sugar-
beet. farm and the acreage under cultivation. Studies in practically
all parts of the sugar-beet area indicate that the number of live stock
on most farms is too small for the most profitable production of
erops and is usually below the possibilities in both live-stock and
crap production when we consider the number of acres under culti-
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vation and the satisfactory crops that the tillable arca is capable
of producing when properly fertilized and tilled. Furthermore, a
considerable portion of the stable manure produced on most sugar-
beet farms is wasted or rendered only partially effective either by
not giving it proper care or by the method in which it is handled in
connection with crop production. In addition to the humus con-
tained In stable manure congiderable quantities of plant food are
present, which if properly handled add to the fertility of the soil.
This plant food is largely soluble; consequently the leaching process
to which the stable manure is in most cases subjected, owing to the
fact that it is usually exposed to rains and snows, frequently causes
much of the fertility to be lost. Again, stable manure is often
spread upon the fields and left exposed to the weather, until a large
part of the volatile plant foods have passed off into the atmosphere.
Much of the nitrogen is ofter lost in this manner. The best results
in utilizing stable manure in connection with Sugar-beet production
are obtained by applying the manure to the crop preceding the beet
crop; this allows the manure to be thorofighly worked into the soil.
It is & common practice in many localities where manure spreaders
are not used to haul the manure from the feed yard or stable at times
when there is no urgent work to be done and to dump it in piles, to be
spread at some convenient time before the ground is plowed. This
is a wasteful method, especially if the piles are left for some days
or weeks without spreading, often resulting in much loss of valuable
material through leaching. However, this method is preferable to
spreading the manure and leaving it on the surface of the ground
exposed to the action of the sun and wind. If the manure is spread
and the ground ean not be plowed immediately, it should be disked
whenever practicable; that is, if the ground is not frozen. Fortu-
nately the'manurespreader is becoming more and more common, and
where the number of live stock on the farm warrants it there is
probably no other implement of greater value to the farmer. The
full value of the spreader is not realized, however, unless the manure
is plowed under or worked into the soil immediately after spreading.

Green crops.—QGreen crops plowed under provide another source of
humus for soil improvement. Any vegetable matter plowed under and
worked into the soil will add humus, though certain crops are more
valuable for this purpose than others because of the plant food as
well as the vegetable matter which they contain. The so-called legu-
minous crops, such as peas, beans, clover, and alfalfa, are among
the best for supplying humus to the soil. These crops should be
plowed under in the fall, so that they will have abundant opportu-
nity to decay before the growing season begins the following year.
In irrigated countries the ground should be irrigated thoroughly, if
necessary, before plowing, so that there will be sufficient moisture
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in the soil to bring about the desired change in the crop that was
plowed under. In the case of such crops as clover and alfalfa usually
one or more cuttings are made for hay, and the later growth is
plowed under when it has attained the height of 1 to 1} feet,
as shown in Plate VI, figure 1. If cowpeas are used for green
manure, they are usually planted in midsummer and plowed under
when they have attained their normal growth in the fall. All crops,
when used for this purpose, should be plowed under while they are
still green.

If for any reason a leguminous crop can not be grown for green
manure, other crops, such as oats, rye, barley, or even sorghum; may
be used. Maintaining the humus in the soil is more difficult in the
irrigated than in the humid sections of the country. The climatic
conditions, especially the hot winds, seem to have a decidedly reduc-
ing effect upon the quantity of humus in the soil. Humus in irri-
gated sections is doubly important, since it is ne¢éssary not only in
maintaining and improving soil fertility, but it also has a decided
advantage in increasing the water-holding capaeity of the soil.

The green crops will add little material that was not already in
the soil. They may, however, bring up the clements required for
plant growth from considerable depths and, when plowed under,
- deposit them in soluble form in the surface soil. For this reason
deep-rooted crops are to be preferred to the shallow-rooted ones. At
any rate, some deep-rooted eropsshould be included in each rotation
system. The green crops, especially the legumes, may increase to
some extent the nitrogén content of the soil. Stable manure, if ap-
plied in sufficient quantity, will supply at least a part of the neces-
sary plant foods besides adding some humus to the soil.

Commercial fertilizers—1f the required elements are not present in
the soil, or if those present can not be made readily available, they
should be supplied in the form of so-called commercial fertilizers,
The composition of the fertilizer used will depend upon the require-
ments of the erop to be grown and upon the condition of the soil
which is to be used for crop production. From the figures given
above itis apparent that a sugar-beet or clover crop should have an
abundant supply of potash, while for a wheat or corn crop special
attention should be given to the nitrogen supply. A complete fer-
tilizer consists of nitrogen, phosphoric acid, and potash. Compounds
containing these elements are mixed in different proportions for dif-
ferent crops and for different soil requirements. It frequently ap-
pears that a complete fertilizer is not required. For example, there
may be present in the soil an abundant supply of available potash,
while the supply of nitrogen and phosphoric acid is deficient. In
that case a fertilizer containing the required amount of nitrogen and
phosphoric acid only should be applied. Under certain conditions
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commercial fertilizers do not seem to be effective. This may be due to
the physical condition of the soil. The greatest benefits are obtained
from commercial fertilizers when the soil is well supplied with
humus. There should, of course, be a sufficient snpply of moisture
in the soil to dissolve and hold in solution the plant foods that are
already present or that may be supplied in the form of a commercial
fertilizer. The benefits arising from the use of fertilizers, whether
stable manure, green crops, or mineral compounds, are frequently
noticeable over a period of several years; hence in estimating the
value of a fertilizer the results of several seasons’ crops should be
taken into account.
CROP ROTATION.

Occasionally a farm is found on which beets are grown on the same
field year after year. While this seems to give satisfactory results
for a time in some instances, it is in general a peor method and one
that can not be recommended, since it tends to encourage the develop-
ment of certain sugar-beet pests which eventnally render the crop un-
profitable. The rotation practiced in the various sugar-beet areas
must necessarily depend upon the crops that do best in these several
localities, as well as upon the other crop and live-stock requirements
of the farm. In some areas, for example, the Irish potato is a profit-
able crop and forms an important link in a system of rotation with
sugar beets. In other areasthe Irish potato is not successful, and in .
such sections it would be‘a waste of time and money to undertake to
utilize it in rotation with sugar beets. Again, there are areas in
which the muskmelon is very satisfactory and rotates well with
sugar beets or other crops; in other parts of the sugar-beet terri-
tory the muskmelon can not be grown with success. In plamling the
rotations, thérefore, one must have in mind not only the crops that will
rotate well with sugar beets, but also the SUCCRSS af those crops inde-
pendently. ~ The grower must also 'consxder the practicability of
handling such'crops from the standpoint of his returns; for example,
insome sugar-beet areas alfalfa gives good yields, but because the
hauls are so long the value of the alfalfa under normal conditions is
not sufficient to pay the transp’ortat‘lon charges and leave a reason-
able profit. Therefore, unless there 1s an abundance of live stock to
utilize the alfalfa locally or unless it is needed as a soil improver,
it is not a satisfactory rotation crop m certain localities in spite of
the fact that it produces satisfactory yields. Our studies of the
various sugar-beet scctions indicate that live stock is an important
factor in crop rotation on the sugar-beet farms. As already indi-
cated. certain crops can be grown to advantage if there is an abund-
ance of live stock to utilize them. Even if certain crops could be
sold from the farm at a reasonable return ahove the cost of produe-
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tion, it would be poor policy to sell them, for the reason that by so
doing a large amount of plant food would be shipped away. Live
stock, if properly handled, enable the farmer to keep a larger propor-
tion of the plant foods on the farm than could be done if the crops
themselves were removed. Feeding the crops on the farm is the best
practice, and will generally yield the largest returns per unit of
land and per unit of labor, especially if the proper relations between
crops, live stock, land area, and labor are established. It is apparent,
therefore, that several objects may be accomplished by proper crop
rotation, all of which mnst be kept in mind in order to reap the
greatest returns from the sugar-beet farm.

Effect on the soil—As has been previously noted, all plants
require certain plant foods, and these elements are utilized: by
different plants in different proportions. The rotation of crops
insures a better utilization of these plant foods than can be obtained
by growing a single crop. Certain crops are deep rooted while
others are more shallow. The deep-rooted crops tend to stir the
soil to a greater depth and in this way make the plant foods more
readily available for the shallow-feeding crops. = Certain crops aid
in the production of certain plant foods, as, for example, the
leguminous crops store nitrogen, which is rendered available to the
other crops grown in rotation with the legumes. Again, certain
crops require more or less cultivation, as is the case with sugar
beets. This stirring of the soil tends to expose the plant foods to
the action of the clements, thereby rendering the mineral material
available for the use of the beet plants and the plants of succeeding
Crops.

Relation of pests to erop rotation.—The rotation of crops tends to
reduce or to destroy plant pests which depend upon certain plants
for their existence. As is well known, some plant pests live and
thrive only on certain plants. If these plants are grown year after,
year in the same field, they furnish favorable breeding conditions
for.the propagation and increase of these pests. By changing to
other erops, plants upon which the pests can not live or upon which
they donot thrive may be grown and the pests thereby destroyed or
reduced to a minimum. Frequently the pests have resistant forms
or stages in which they can exist in a dormant condition for several
years, as is notably true of the brown-cyst stage of the sugar-beet
nematode and the resting-spore stage of certain fungi. In such
cases it is necessary to plan the rotations with a view to starving
out these pests. To do this the rotations must be of such a length
that crops upon which these pests can not thrive may he grown for
several years in succession. In some cases other methods must be
resorted to in order to control the destructive pests, but a large
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number of the sugar-beet pests, including some of the fungi and
bacteria as well as insect pests, may be controlled by crop rotation.

Effect of sugar beets upon other crops—As a rule, the effect of
sugar beets upon succeeding crops is beneficial. This is especially
true of the small grains; that is, small grains grown after sugar
beets will almost invariably produce larger yields than when these
grains are made to follow other crops. The sugar beet does not
produce plant foods, as do the legumes, but owing to the long roots
and the methods of cultivation employed in growing and harvesting
the beet crop the soil is put in splendid tilth, thereby forming good
seed and root beds for the crops that follow the beets. These in-
direct benefits to the growers are important in considering the ad-
visability of growing sugar beets and should be estimated at their
just value. These indirect benefits due to sugar-beet growing have
only a remote bearing upon the price paid for beets and upon the
price of sugar. They should, however, be considered in figuring the
profits derived from sugar-beet culture.

COMPETING CROPS.

Crops grown in competition with sugar beets may or may not
be suitable for rotation with sugar beets. By competing crops is
meant those crops grown in sugar-beet areas which appear to be
more profitable or more easily produced, or for some reason are so
favored by the farmer that he may possibly prefer them to sugar
beets. Some of the competing crops do not lend themselves readily
to ‘a rotation with sugar beets. In such cases .the compef,ing crops
may be a limiting factor in sugar-Becff produetion on an lndl\'lde}l
farm, or if the erop is a general one it, may be i hlmlt.m_g factor in
sugar-beet production’ in a given community, A erop may compete
with sugar beets because of its market price, because of the sm.all
amountiof labor involved in its production; becauso of the peculiar
fitness of the'soil for the growing of that crop, because of local mar-
ket conditions, or because it fits morclc‘losely the requirements of the
individual farms than any other erop. The competing crops in the
sugar-beet sections are such as beans, tobacco, potatoes, muskmelons,
alfalfa, and grains. Other crops may temiporarily be competing with
sugar beets and some_of those mentioned may for local or other
reasons temporarily qeuse.to be competing erops. Most of the com-
peting crops may form with sugar beets a satisfactory crop-rotation
svstem in one or more of the recognized sugar-beet areas.

" Beans—In our farm-to-farm survey we have found beans a com-
peting erop in several localities, and under existing conditions it is
one of the strongest competitors. This erop is easily produced and
under present conditions it is bringing a fair return to the farmer
for the labor and money invested. In some of the areas studied
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beans have ceased to be a competing crop because of local conditions,
the chief of which is the presence of certain bean diseases. It was
believed that beans could follow beans profitably in the same ficld
for a number of years, but this crop, like all others, is more satis-
factory in the long run when grown in proper rotation with other
crops. As in the case of sugar beets, continuous cropping with beans
has enabled certain diseases of the bean to be propagated from year
to year, thereby becoming more widespread and more destructive,
until bean production in certain areas is no longer profitable. If
properly handled beans should be a good crop to rotate with sugar
beets. They should not compete with the sugar beet to the exelusion
of the latter, for the reasons above stated. The diseases affecting
sugar beets and beans are for the most part very different, and for
this reason these crops rotate well together. Again, the sugar beet
leaves the ground in good condition for the production of tlie bean
crop. If the beet crop has been properly handled the yeeds are
eliminated, and in this respect the field is left in a good condition
for beans. If beans are planted on a field filled with weed seed,
either considerable time and labor must be spent in destroying the
weeds or they must be allowed to grow to the detriment of the bean
crop and be an annoyance and added expense when the bheans are
hamvested. Furthermore, sugar beets leave the ground in good
physical condition for a bean crop; on the other hand, if beans pre-
cede beets they will leave the ground in good condition for the sugar
beets. The order of rotation, therefore, with these crops is not par-
ticularly important.

T'obacco~—~Tobacco ds not generally grown in the sugar-beet areas,
but there are a few localities in which tobacco and sugar beets are
both produced. /While,the tobacco crop is expensive to handle, the
returns under favorable conditions make it a strong competitor,
The methods used in growing tobacco do not usually lend themselves
well to crop rotation ; for example, tobacco fields are usually heavily
fertilized with commercial fertilizers. Part of the results to be ex-
pected from these fertilizers should be apparent during the second
oreven the third year after it is applied. Owing to this large expense
growers usually expect to use the same field for the tobacco crop for
a series of years, consequently it does not admit of ordinary crop
rotation. Again, the tobacco crop requires a large amount of labor,
some of which conflicts with the labor necessary for sugar-beet pro-
duction. If, however, a farmer can obtain sufficient labor to handle
both crops there should be no serious difficulty in producing both
sugar beets and tobacco, especially if both of these crops are produced
on comparatively small areas on the individual farm. Tt may be
found, also, that these crops will rotate one with the other to the
advantage of both,
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Potatoes—In certain areas studied, the potato under present con-
ditions is one of the strongest competing crops with sugar beets.
Where these crops are grown in rotation, however, the results, from
the standpoint of yield, are satisfactory. Unfortunately, certain
diseases affecting potatoes attack sugar beets also: this is notably
true of the scab. With the price of potatoes higher than for many
years past, the tendency in the especially good potata area has been
to increase the potato acreage and diminish the sugar-beet acreage
correspondingly. The chief danger is that when the potato crop is
harvested the price may be lower and the results somewhat disappoint-
ing. It should be noted in this connection that the prices piid for
sugar beets are in practically all cases fixed before the seed i8 planted.
The returns from this crop, therefore, depend ouly upon the yield
and quality of the beets produced. As already indieated, sugar
beets and potatoes form a part of a satisfactory rotationgbut neither
of these crops should immediately succeed or follow the other becanse
of the diseases that are common to both pl.jlntét,__.'?’l‘h’;e're should be
one or two years of intervening crops, suchas small grains or alfalfa.

Alfalfa—In some localities studied, alfalfa fh{_m:s'??ippeau-d,m bé a
strong competing crop with sugar beets. This is true in part because
of the tendency to leave alfalfa sod without breaking for a number
of years, thereby making a very long rotation or, in some cases, what
amounts to no rotation; for example, certain areas have been found
in which alfalfa has remained undisturbed in some ficlds for upward
of 20 years. Alfalfa is.an dnexpensive crop to produce, provided a
good stand is obtained. This is not di'fficulp if the ground is well
prepared and properly handled at seeding time. "Afljer- ﬁ“? alfalfa
has become established the/expense of }lmil_'ltn):nxng the crop is slight,
and the chief expense in connection with alfelfa production consists

in irrigating in certain sections-and in hurvesting nnd marketing

the crop. : S e e

In some sections where alfal_f:}- grows. well it is not a competing
crop with sugar beets, because of the remloFeness- of these areas from
tHe marlket; but in cases where t'hc‘ ﬂvlfﬂ!fa- is used Jocally to advantage
or where the markets are acf:essjbjo;_ i competes strongly with the
sugar beet and may exclude the lutter to such an extent that beet
production is s0 yréducad that the operation of a sugar mill is not
possible. A sugar mill should have & su.ﬂiaie‘m, gantity of beets to
insure a run of at Jeast 100 days each year, whereas the average
run for 1917 was only 74 days.  (Table FV, p. 84) Sugar beets
may be grown in rotation with :fxlfal{n to g‘,"_’d advantage under
certain conditions, and our studies have shown the advantage of these
conditions in several instances, This is especially true if the farmer
looks upon the alfalfa crop as a soil-tmproving crop as well as a erop
from which direct satisfactory returns may be expected. In such
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cases alfalfa may be grown two or three years, and at the end of this
period the last crop of alfalfa is plowed under for the improvement
of the soil, thus putting it in good condition for oae or two crops of
sugar beets. It is not desirable to grow sugai beets immediately
after old alfalfa, because the old alfalfa roots are large and woody
and interfere seriously with cultivation. Tt is better to follow old
alfalfa with a noncultivated crop, such as grain, which in turn may
be followed by sugar beets.

"TABLE 1V.—Beet-sugar production, 1916-17.

| |
| Av-
Aver- i
l Total Aver- | Aver- AvVer- erage
Num- Acres | 886 | 2% |age per-'age per-{ e
Location and |ber of D‘?’r‘f of beets y}(gd t]enstgt centage| centage} *8800- ’I;O"s ot Il)mid : T{g’?]
year. sugar| °P har- XCELS | orex- |of sugar! . ugar | S b paid for
ating, tons pro- - cient of | made, beets.
mills. vested. trac- | inthe - on
per | duced. tion. | beets. purity. B
acre.
S B g
California: 3 B W, q‘ 4
1916. ....... 11 108 141,007 10.37 1,462,805 10.15  18.35 (84:180.236 392/ $6.30 $9,311,000
x l191d'l ........ .14 92| 161,909 8.16, 1,321,716 15.:-14. 18.45; §2,0114200,325, 7.60 10,125, 000
olorado | ‘
177 il 14 102 188,568 10.25 1,933,501 13.04 15.00, 8570 252,147 6.0612,236,000
Ida‘.31917. ....... 15 91} 161,476 10.84] 1,749,875 13.39[ 15:40p).85. 16, 234, 303| 7 28 13, 526, 000
o:
1916452.....% 5 86| 42,135 7.87( 331,478 13.84‘ - 16.95)7 86.39 45,874] 6. 16| 2,199,000
Mi l11?17. ....... 7 70y 37,745| 7.59 286,446' 13.40; " 16:74 81.Sii 38,376 7.06 2,203, 000
chigan: -
o T 15 49 99,619 5.05! 502,705 13,79 16.37 85.22' 69,341 6. 14’ 3,337, 000
l.ﬁlgn ........ 14| 53| 82,151 5.62) 461,721 13.91 16.28 86.57 64,247 8.04| 4,215,000
o: i
191625 . rseu 4 45, 24,767 5.."| 137,606] 13.24 15.89 83.3(_55 18,234} 6.83! 1,008, 000
l;9‘}11917 ........ b 70{ 24,234] 8. 202, 624 12.08 16,24 86.25, 24,467 7.18 1,550,000
>4 y. -
1916 25 ..ok 11 95| 68,211 "10'-,38 Ey 237 12,75 16.05; 84,79 - 90,277 5.73 4,577,000
DPITV e 15 82 80,28@ R.68 L0221 12.01 15.61) 82.27| 83,662 7.04| 5,368,000
Other States: - W 37
) 443 1 SO e 14 66/ 100,911F 8.35{ 843,071 12.87 15.69 82.67| 108,462 6.18 5,471,000
1 (1 by A e 21 60] 416 993 7.75) 906,641 12.221 15,17 81.87) 110,827 7.387 7.175.000
All States: | : 3
17) { prdoy ety 74 ¢80/ 665,308 8.90 5,019,673 lﬁ.ﬁ(}; 16.30{  84,74] 820, 657 6.12]38,139,000
p {11 b SR - 91| 474664, 797[18. 45]‘ 5,625,545 13.60| 16. 281 83. 89| 765, 207 7.39l44,192,000

Fruit—In. several sugar-beet areas fruit has been found to be a
competing crop. . In several instances the sugar beét has been elimi-
nated orshifted to other areas, or reduced in area below the point of
a profitable mill run. It is sometimes possible to grow considerable
areas of beets in orchards when the trees are small, but as the
orchards get older and the trees increase in size the space between the
rows must necessarily become smaller and smaller until finally the
sugar beet is excluded. When fruit growing has become general in
a sugar-beet area, as has been the case in several instances in certain
localities, sugar-beet growing and diversified farming in general
have been practically eliminated. Occasionally some misfortune
overtakes the fruit industry and the area again returns to general
farming, including sugar beets. In one locality studied the entire
cycle has been passed through, and the fruit growers are now remov-
ing their trees and returning to general farm practice, including the
growing of sugar beets.
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FARM EQUIPMENT.

The equipment on the sugar-beet farm is a matter of vital impor-
tance. It covers a wide range of subjects, which may be grouped
under four general heads, namely, soil and water, implements, live
stock, and labor. If a farm is lacking in any of the essential parts
of the equipment and if these parts can not be supplied, successful
sugar-beet growing is not possible. The equipment differs to some
extent in different localities, especially between the humid and irri-
gated sections. .

SUITABLE SOIL.

As previously noted, a suitable soil, together with a satisfactory
subsoil, is one of the first requisites in the production of sugar beets.
Soil is not usually classed as a part of the farming equipment, but
it is in fact a very essential part. If the soil is very sandy or ex-
tremely rocky, it is not probable that it would pay to tndertake the
growing of sugar beets. Certain conditions of soil may be changed
or modified by proper cultural methodsgso that an otherwise un-
favorable oil condition may be changed to ‘asufliciently favorable
condition to enable the farmer to produce a sutiéfﬁctory crop of beets ;
for example, a hard subsoil may sometimes be broken up in such a
manner that a sufficiently deep soil for the production of beets is
produced. Again, an infertile soil due to lack of humus, to a scarcity
of lime, or to improper ¢rop zrotation, etc., may be remedied at a
small cost and an otherwise unproductive soil rendered productive.
As-already noted, a€oil containing an excess of moisture or one in
which the water tableis too near the surface may be made productive
by proper drainage. It s apparent. therefore. t‘hftt- satly from the
standpoint of equipment, may be.a -pc_mnzment’].mmltzlg factor, which
in some cades canrnot be overconte sufficiently: te enable the farmer to
produce'a satisfactory crop of beets, ""1‘5-103 on the other hand, this
part, SEEHE farmer’s equipmelf‘f may in many cases be modified by
proper treatment and the l?nrmer- to Spngbce‘t _prm’luction removed.
This part of the farm equipment, however, hke work stock, imple-

ments, etc., is just as essentinl for the production of other crops as

for the production of sugar heéts,©
© IMPLEMENTS,

Many of {he implements n.se_d in .s_-ugar.—beet‘;-growing are the same
as those used in the production of other crops, though seme special
implements are necessary in order to grow sugar beets successfully ;
this is especially true of the drill shown in Plate I, figure 1, and

the cultivator, Plate TV, figure 1. -~

Drills and cultivators—Sugar beets nre grown in rows about 20
inches apart, and there is a special drill for the planting of sugar-
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beet seed. There are a number of sugar-beet drills on the market
which seem to be fairly satisfactory. In some localities the farmers
own their beet drills, and in others they are owned by the sugar
companies and rented to the farmers at a small charge per acre.
Most of the drills made for planting sugar-beet seed are so con-
structed that they will plant four rows at a time, as shown in Plate T,
figure 1. Likewise, the cultivator is especially adapted to sugar-
beet work, and will cultivate four rows corresponding to the drill.
This is very important, as will be noted by those who have had ex-
perience in using a cultivator in such narrow rows. In plafiting
four rows at a time many deviations from a straight line will océur
in each of the four rows, which can, therefore, be folldwedfmore
readily with a 4-row cultivator with less damage to they lants: Phe
beet cultivators are usually equipped with various im erfients Tor
stirring the soil, depending upon the soil conditions and the size of
the beets, g K"i*x vy
Plows~—The ordinary walking or riding plow cai be used in turn-
ing the soil in the preparation of the seed body, THE two-way plow
is well adapted to the sugar-beet cropforfthe Féason that it pro-
duces no dead furrows. This is especiallybdimportant in the irri-
gated areas. In some localities the disk p’l‘é)w is frequently used,
although the ordinary moldboard plow is in most common use. The
advantage of the disk plow for deep plowing is that it enables one
to stir the soil to a good depthaif the plow is properly constructed
and adjusted, \\'ithout.,k_qﬁ‘ ‘g,‘.o much raw soil to the surface.
The plows in use var§ from the walking moldboard plow through
various types of sulkydplows to the disk plow, with its numerous
variations. In @’6 tvb’éS'of soil it 1s especially desirable to give
an occasional deep plowing.
The bestzﬁ;suﬁéﬂqﬁé‘?obtained by fall plowing, as has been shown
by our s A,. e}%m_‘ell as by personal experience. Fair results may be
€ ‘-_,,‘,_ispﬂfﬁ’g plowing, provided the soil has been previously

ws—1In preparing a seed bed for any crop the disk harrow
! implement. Tt is frequently used to advantage before
the ground is plowed. When so used it puts the surface of the
ground in such condition that holes or spaces are nowhere left when
the ground is turned with the plow. The disk harrow is used some-
times in breaking up lumps or clods after the plowing has been
done; however, if the ground has been plowed when in good con-
dition and has been properly treated after plowing, there will be no
large lumps or clods, and hence no necessity for the use of the disk
harrow to break them up. In case weeds start before the time for
Planting the sugar-beet seed, the disk harrow is sometimes useful
m deStl'Oying the weeds. The proper preparation after the ground
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1s plowed consists in harrowing, preferably with a spike-tooth har-
row or other form of this implement, which simply stirs the sur-
face of the ground and makes a moderately fine mulch. It is a
more or less common practice to harrow at the end of each half day
or, at the latest, at the end of each day, the ground just plowed.
This is a practice to be especially recommended in cases of spring
plowing, since it has a tendency to hold the meisture in the soil,
thereby leaving it in good condition to form a satisfactory seed bed.
In case of fall or winter plowing it is better to leave the ground

rough, in order that it may catch or hold the winter snows angd rains.

times necessary in order to put the ground-in conditi b be i,
gated. As pointed out on page 21, ground which is-notiles
nearly so can not be satisfactorily irvigated. Thisis especially
true with a crop like sugar beets, which must he 1REdeatec
furrow method. If the ground is leveled ore the plowing is
done, the Fresno scraper is commonly ' e leveling is
left until after the ground is plowed, s -J“ﬁiggnpl?eilt“cetlled- a float
is frequently used; this consists of,;&;aaygé“’* lanks placed on edge
and so framed together, about 6 or 8 " hart, that they can be
dragged sideways over the field, as shown in Plate V, ﬁgu}‘e 9. This
has the advantage of not only leveling the ground, but it fends to
break up the small clods an@yputs the ground in gaod condition for
further preparation of thl&ls%&edg Frequently the Fresno scraper
is used before plowinggif the gzgg‘faca is very uneven; and the float is
used after plowingdh the same field.. - The fwo operations are quite
distinet; the formgr"ig:‘;gsuallyr ;:alle_d‘ sfy;z'.a;.)"x‘g_igl,axf:d.{ v:th?. lgttm* level-
ing. The scraping is neeessary only. }fhen;ﬁ;neq'uuhﬁxgs in the surface
of the ﬁe]dmrﬁ«;v,erx@jnarked.‘ '*T}?f’.it._','\m‘.’_.ﬂnd..fl_?{}-)o“ spent in leveling
will be repaid in the production of SUgal.be&!t«'s,both from the stind-
point, eflyiélaWad from thatof labor suved an irnigatimg:: =

The roller——Another -iniplemuent. .(’,‘f'c?nsxdt,'%_mblo::1\-n‘xpc_)r‘ta.1.me in
sigar-beet growing is the 10]1“" ' Thexe are two types Of}hls imple-
0L o Ihown in Elata 1l Bgites T ang &, pamely; the stoooth roller
and‘qﬁmé so-called ¢ lrugalodm](er']‘helnttm 15 des;'raple‘ in those
localities where there ara l\l{ﬂl wands, 'Slil"ée- _1\’«1@6"(301jﬂt_’g,1t\01.1s tenfi to
prevent the soil frqm"9t11f§ll§g_i lfnd;erfzfl_m-m_ﬁug;;_ge of the wind. The
chief advantage of the rolleg is its surface-packing effect,  1f the
oot bed is inelined to be loose the 5“"_5‘?‘5&9@}"{“‘_@?’ should be used
immediately after plowing: ~As Ipm\i‘101181;y' 'ggtéd, the seed bed for
sugar beets should be decidedly ﬁrm, :fQI‘.i:l‘*'\}'}D-“ reasons at least. The
firmness of the seed bed tends to hold the maisture, and at the same
time it prevents the sinking of the ‘d'l*iH wheels, in which case the
sced is frequently planted too deep. The seed bed that is unevenly
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firm or in which there are soft spots or areas is always unsatis-
factory, as it results in an uneven start of the beet plants, which
interferes with the handling of the crop.

Harvesting tools—At harvest time the beet lifter, a special imple-
ment not required in harvesting other crops, is necessary. (Pl. VII,
fig. 1.) There are two forms of this implement, namely, the double-
pointed lifter and the.side lifter. In the former, one point passes
along each side of the beet root at a depth of several inches below the
surface and is so constructed that the beets are loosened and slightly
lifted. The side lifter passes along one side of the beet row and
loosens the beet, usually without lifting it: in either case the roots,
after they have been loosened, can readily be pulled and thrown into
‘piles. Care should be taken in” using these lifters to see that the
beet roots are not broken. Considerable loss frequently results to
the grower from the breaking of the roots so that the lower part of
the beet is left in the ground.

In topping beets by hand, heavy knives closely resembling a large
butcher knife are used; in some localities sickles are used for this
purpose. This work, now done by hand, as shown in Plate VII,
figure 2, may be done by machinery. (See also Pl. VIIL) In load-
ing the beets on the wagons specially constructed forks should be
used. The special construction consists of a knob of metal on the
end of each tine, so that the beets are not punctured when they are
forked on to the wagon. Speciftl beet racks, as shown in Plate VI,
figure 2, are commonly uged in hauling the beets to the factory or
dump. T hese special ricks are necessary in facilitating the unload-
ing of the beets at the dumps. where the beets are emptied from the
wagons on to theears. If the beets are forked from the wagon the
ordinary wagon box may be used, but generally the beets are dumped,
in which case racks with hinged sides are necessary. Furthermore,
the special rack holds more roots than the ordinary wagon bed,
thereby redacing the cost of delivering the crop.

Sugar-beet harvester—Heretofore the most laborious operation con-
neeted with beet culture has been the harvesting. This operation
consists of three parts, lifting, pulling, and topping, as described
above.” The pulling and topping have been done entirely by hand at
a cost of 87 to 39 per acre. Many attempts have been made in
this country and in Europe to construct a mechanical harvester. Re-
centl}, several types of this implement have been improved, and it
is expected that they will be available to harvest at least a part of the
1918 acreage. Onme type of harvester, as shown in Plate VIII, figure
1, is a motor-driven device which lifts the beet entirely out of the
ground and tops and piles the roots. Another type of harvester, as
shown in Plate VIII, figure 2, is a horse-drawn implement which
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tops the beet and then lifts the root. Each implement is operated by
one man; hence the saving in labor and in labor cost are considera-
tions that appeal to the beet grower at this time when the labor short-

age 1s acute.
LIVE STOCK.

The live stock on the sugar-beet farm should consist of work stock
and other animals. One of the most important parts of the necessary
equipment on a beet farm is the work stock, which should be sufficient
in number, size, and quality to handle the work readily. For the
heavy work, such as deep plowing, lifting, and hauling the beets;
heavy work animals, such as those shown in Plates IT, V, and VI,
are desirable. The size and quality of the work stock, thercfore, is
an essential part of the equipment. The horses should be capable of
being trained so that they will follow rows when cultivating. Large
animals, if properly trained and handled, will do this work without
injury to the beets and may be used unless small animals are avail-
able for this purpose. Apparently the tractor is ﬁakihg the place
of work animals in some localities for mahy of the operations on
sugar-beet farms, A farm tractor should berof sinple and durable
construction, moderate in price, easily and cheaply operated, and
capable of making fair speed when required. AN

Animals other than work stock are essential on the sugar-beet farm
in order to utilize to the best,advantage the beet tops and pulp
as well as the other feeds grownrin rotation with the beets, and also
to furnish the necessarysfarmyard manure req’uired to keep up and
improve the fertility/of the soil. The particnlar kind of stock,
whether dairy cows, beef cattle, sheep, 'etc.‘,rj\"lll dcpend Lt Sln the
locality, especially with, reference to the markets, upon the kind of
labor obtainable for handling the stock, and upon the other farm

crops produced.

LABOR,

Thé question of labor on a beet farn is of yital importunce, and
proper time 1t 2wkl constitute a

unlessAdabor is available at the propet Astis 73t 40

limiting factor in sugar-beet production, ,Qt}h@_r, t,h‘_“g".(bel?g equal,
a beet grower with sufficient dependable }a.bor‘o‘f‘ good quality at his
command will handle the crop o the best advantage. For those
growers who have not a sufficiont amotint of labor ayailable for the
production of sugar beets in additiog 10 1 ‘1‘9 Other PRS0k e
sugar companies Wil usunllyguz}g\l?rt:;d.:e to obiain laborers. .Th.ese
laborers usually are tl‘avnsi@tg c(?mp'g 1."‘1;0 BRI ki B
of the growing season, earing for a given acrengo of beets during
that season, and returning to their homes, after the beets are har-
vested. In some instanees they yo out yeor after year to work in the
same locality and for the same farmers. Frequently they rent land
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after a few years cf experience and remain in the community
throughout the year; such workers sometimes purchase land, thereby
becoming landowners and employers of labor. The labor imported
into an area for work in connection with sugar beets is handled un-
. der contract at a fixed price per acre. Before he leaves his home
the laborer demands a contract stipulating the acreage that he will
be allowed to handle and the price per acre that he will receive for
the labor. Labor problems are more fully treated on pages 41 to 43.

BEET BY-PRODUCTS AND LIVE STOCK.

Live stock on a sugar-beet farm constituies an important factor in
the success of beet growing from two standpoints: (1) The utilization
of beet tops and pulp and (2) the production of stable or barnyard
manure. \

KIind of live stock to feed —Sugar-beet tops and pulp are good feed
for all kinds of live stock, including chickeénsy;.hogs, sheep, cattle,
and, to some extent, horses. Generally the tops and pulp are fed
to sheep and cattle. There are several’ methods by which the beet
tops may be utilized for feed. They'may be pastured off, a process
which consists in turning the live stock into the beet field after the
beets have been harvested and the roots removed, as shown in Plate
IX, figure 1. The tops are left scattered over the ground, and this
method of feeding results in.the ground being more or less trampled.
Sheep especially are inelinéd to travel more generally in paths,
thereby trampling the ground unevenly. In no case should the pas-
turing of the topsibe permitted when the ground is wet, since the
ground itself weuld be seriously injured by trampling in that con-
dition and many of the tops would be wasted by being trampled into
the ground. |While live stock thrives on beet tops and pulp, other
feed must be used in finishing the animals for the market. Beet tops,
especidlly «the erowns, contain considerable mineral matter which
is beneficial fo live stock, but it should not be fed in too large quan-
tities, » Aside from pasturing the tops they are sometimes allowed to
" cure partly and are then gathered into piles, hauled to the feed yard,
and féd in racks, one form of which is shown in Plate IX, figure 2.
This is 2 much more economical method of utilizing the tops, but it
involves the additional expense of gathering and hauling. The tops
may also be used as ensilage. When chopped with straw, cornstalks,
or other roughage excellent silage is produced. Both the tops and
the pulp are excellent for dairy cows, since they act as a tonic upon
the animals as well as a food and increase the flow of milk. Pulp
is used either fresh or dried. Tt is dried artificially, either by itself
or in combination with molasses. When dried by itself it contains
the same substances as when fresh; when dried with molasses it, of
course, contains the added sugar and mineral matter. The object
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in drying the pulp is to make it easier to handle.- About 30 per cent
of the weight is lost in drying and when dried it can be shipped
long distances. It should be soaked for several hours before it is
fed to stock. ; ; s

Number of live stock to keep.—1It is apparent that there should be
a suitable ratio between the number of live stock and the available
tops, pulp, and other feed on the farm. As stated above, animals
can not be finished for the market on the beet by-products, and unless
other feed is available it will not be advisable to purchase animals
for feeding purposes with a view to turning them on the market
later. If the farmer is provided with dairy cows, it 1s advisable to
furnish them with one or two feeds of tops or pulp each day. The
tops, when cured or pitted, will keep for several months: the pulp
when left in a large pile will not spoil for feeding pufposes, exeept
in a thin layer on the surface. If the tepsor the pulp are fed heavily
to dairy cows, a distincet increase in the flow of milk marks the top
and pulp-feeding period, and there will generally be a distinct falling
off in the flow of milk when this feed is discontinued. Since the
supply of tops and pulp is limited, it is befter to continue the feeding
over a longer period, giving a smaller amount to'each of the animals
daily. The tops and pulp should always be fod in ¢combination with
other feeds in order to make a balanced ration. :

LABOR PROBLEMS. :

One of the most serious problems on many of the beet farms is that
of labor. The difficulfies " connection with the labor question as
related to sugar-beet“_cﬁltgrc‘ are due fo the fact that a part of the
Work must ‘be: dife rby.__]iilﬁd and 15 tedious aud; furthermore, the
labor in connectiél,l_ w.i;(::htlﬁs"érop’is;_uot -qontipubgs. For example,
there is a_period in ‘the spring when considernble labor ig required
for the blocking and th;ipni'r_wg of th( beets, as shown 'in Plate I1I,
figure’l. The work during midsummer 1§ light, consisting of a little
hoeing.. In. the fzﬂ‘l there \'.t.c;':u'mi'lnmr Inereuse the }.uboit' require-
ment, dueto the harvest, fgllq\ved ;by tb(s winter months, when little
or no feld work 11 conmection with this erop is done.  The need
for labor at harvest {ime i apporent, as ihe heeta must be harvested
promptly when they are maturc.. Th_g“m}'sdns{-forf pushing the beet
harvest are several: Fall rains may stan and canse the roots to
deteriorate in quality, the roats may be frozen in the ground if har-
vest is delayed, the il must have suflicient roots 1o operate con-

| he farmer amust get the beet crop out of the way in

tinuously, and the: farm -beet crop -out o
order to do his other fall work. The question of securing and hold-

ing the necessary labor for the handhing of this crop has been one of
{he serious problems in sugar-bect growing in thig conutry. Beet
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labor may be classified under three heads—the family labor, the com-
munity labor, and the hired labor, the latter being divided into sev-
eral classes, such as regular, transient, and contract labor.

Family labor—By this term is meant the labor furnished by the
family which has contracted with the sugar company to grow the
beets. It may be the family of the landowner or the family of the
tenant. Usually the most successful operations in sugar-beet grow-
ing are in those localities where the labor is handled by the family
of the grower. In these localities the beet acreage per farm is
usually small and the beet labor is not burdensome. This class of
labor is usually more vitally interested in the success of the crop
than other kinds of labor and therefore greater pains.are taken to
produce and maintain good stands.

Community labor—By community labor is meant the exchange
of labor between the beet-growing families in a given community.
Usually not all the beets in a given community aresready to be
thinned or harvested at the same time, and sin¢e both of these opera-
tions must be done as promptly as possible when the beets are ready,
it has been found advantageous for families in the same community
to use the exchange-labor method in handling this crop. This ex-
change system is not confined to the beet crop, but is a common
practice in many localities in carrying on all kinds of farm work
which needs to be done quickly, such as haying and grain harvesting.

General labor.—By general labor is meant that labor which is
employed by the day,smenth, or year for the general farm work.
Transient labor is that part of this labor that comes and goes with-
out any certainty/as to its permanency and with little responsibility
as to the results.of the work. It is seldom used in bandling the
sugar-beet crop, as it is not sufficiently dependable. All farming
communities are familiar with this kind of labor to a greater or less
extent.. It is unreliable and unsatisfactory, but sometimes enables a
farmer to get through a temporary rush period without serious dam-
age to his crop. On many farms there are monthly or annual
laborers, who take part in all of the farming operations, including
the sugar-beet work. Usually this class of labor is very satisfactory
in the beet fields, and those farmers are fortunate if by the aid of
their general helpers they are able to care for the beet crop in addi-
tion to the other work.

Contract labor.—This is the most common class of labor employed
to do the handwork in caring for the sugar-beet crop, and, as the
word implies, the work is done under contract. The term contract
labor as used in this connection is often misunderstood. It is thought
by some who are not familiar with beet-growing conditions that the
so-called beet-labor contracts are decidedly to the advantage of the
landowner or of the sugar company and that such labor is compelled
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to work under contract. Usually the sugar company has no interest
in the contract labor except in helping the grower to get his work
done at the proper time and in the best possible manner. The land-
owner or beet grower desires a contract, so that he will be sure of the -
necessary help in handling his crop at the proper time, but above all
the laborers themselves desire a contract which specifies the number
of acres that a given individual, family, or other group of workers
will be permitted to handle and the price that they will receive per
acre for their labor. These contracts are usually made with so-called
labor families, although individuals and groups of individuals:some-
times enter into the contracts. The labor families are usually in the
cities during the winter, employed in mills or factories,aind in the
summer they go out and work in the beet ficlds. For their own pro-
tection they must have a contract before they can afford fo-leave their
employment to take up a new line of work.  Many of these families
return from year to year to work for the same beet growers. The
contract labor usually covers all of the handwork used in growing
the beet crop; namely, the blocking, thinhitig, hoeing, pulling, and
topping. The landowner and tenant de allithe teamwork, from the
plowing of the land to the hauling of the beets to the sugar mill or
loading station. The hand laborers usually work for a specified rate
per acre, a part of which amount is furnished them after each opera-
tion. Occasionally they receiye a specified bonus for each ton above
a vield agreed upon. The object of this bonus is to encourage the
laborers to maintain the hest possible stands and to produce the

highest possible yield per acre. R e

During the present mcute Iabor S}_l_‘?l’tﬂge many vll"tfﬂhtms ha'\'a s
ganized the school boys and girls, especially for the beet-thinuning
work. J Yo e i
. _THE SUCCESSFUL GROWER.

The succesgfgl" prbdhction of sugar beeis on any e dep&nds_t,o
a great extent upon the temper Rment of the {m-m‘c,l‘_‘and npon his

aflitydiaig Ve the PLocuchon, o i tibp, Ab in other lmes of
~ busiess) the mans g ‘bi.li-t.y to. conduct lis .blfsl.lmss successfully is
largely a matier of 1{1(11§f1§lt.x{;1 temiperament, ju d;;‘{?lelxt;":ix;(]. S
to do. the right thing in the right way and at the right time.  There
are many farmers, as there are muny men in other lines of business,
who are not adapted to the kind ‘of work upon which they are
It is not to be expected thut these men would have any
more SUCCess. in the growing of sugar heets than in other lives of
agriculture..' Again. i'.’ht!;jg are fiu'll_lel'S' \_VBH- adapted lly t.gmperament
to the particular line of farming which they are following, but who
would not be successful in. some other line of agriculture; for
example, a man might',gﬁ?“’i, grain on @ large scale and do it very

engaged.
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successfully. He might not at all be adapted to dairying or to the
feeding of live stock. Some people can not handle Jive stock sue-
cessfully, even though they have right ideas in regard to the han-
dling of crops; likewise, the grain farmer may not be adapted to
the growing of sugar beets. Frequently grain production is extensive
rather than intensive, while sugar beets should be handled intensively
rather than extensively. At any rate, intensive methods should be
employed in growing this crop. Some growers of the extensively
grown crops, like grains, forage, etc., sometimes become very suc-
cessful growers of sugar beets, but generally they prefer thedine of
agriculture which they have followed and from which they do not
wish to depart. The same is true of the live-stock man, although
the man who handles live stock, especially dairy _cows, i8smore
inclined to take up the growing of such an intensive Crop.as sugar
beets and is more apt to succeed in this line of agriculture than
the grain or forage crop man. This does not apply; however, to the
live-stock man who grows for the marketyand especially the man
who produces or handles large herds of cattler The point to be made
n regard to the grower is that he must Havethe Hatural qualifications
for intensive agriculture and must be fitted by training and experi-
ence for the growing and handling of Crops requiring intensive
cultivation. ‘

/

_DISEASES.

Diseases are among the most apparent limiting factors in sugar-
beet, production. A érop of beets that might otherwise be very
profitable is frequently turned to a loss by some disease. The sugar
beet, like all othér plants, is subject to disease from the time it
begins its growth until it is harvested ; and even after the plants are
harvested, if'stored under certain conditions, the beets may decay to
a greater, or less extent, impairing or destroying their value for
sugar-making purposes. Some of the diseases are well known and
easily eontrolled ; others, while known, are handled with difficulty;
and still others are obscure as to their causes. The losses produced
by diseases may be brought about by a destruction of the plant itself
or by some injury which reduces the size or quality of the beet root.

Damping off —Among the diseases which attack the beet during
the early stages of its growth is the so-called damping-off. There
are several forms of this disease, due, apparently, to different organ-
isms. Frequently the young beet plants turn black just at the surface
of the ground, fall over, and die. Sometimes the entire root turns
black and softens, and sometimes the blackening is confined to the
outer layer or epidermis. In the latter case the beets frequently
recover, This disease is caused either by a fungus or a bacterium
which is in the soil or on the seed when planted. If the disease is
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widespread, so that the stand is seriously-injured. the field should
be disked and replanted. Damping-off is more common in the early
spring, when the ground is damp and not thoroughly warm. but the
disease will not occur unless one of the damping-off organisms is

present. ' et SRR ¥
Nematodes—The sugar-beet nematode is a minute wormlike or-
ganism, sometimes called an eelworm, which attaches itself to the
root and when present in sufficiently large numbers retards the growth -
of the beet. There are several species of the nematode which attack
the sugar beet, but only one is considered especially serious; hence,
this species is known as the sugar-beet nematode (Heéeredera
schachtii). This pest has been known for many years.in IBurope
and has existed in isolated localities in this country for more than
a decade. It is spreading, both by its own activity in eértain stages
of its existence and by being carried from the present iufested areas
by various agencies. The pest lives in the soil from yearto year and
travels slowly, so that the infested area is gr.adﬁg]}y':inérea.setl’, until
frequently an entire field or even a group:of fields may become use-
less from the standpoint of beet plfo‘dpf:t.i’._@ﬂé:‘{rjfl‘i}_f01't»111121-te1y,-~.l'.his
pest will attack many plants besides the sugar beet.  This makes
it extremely difficult to control by crop rotation, which is one of -
the best methods known for the control of many of our plant pests.
However, there are a number of plnht‘s_:thg_t' the nematode attacks
to a very slight extent op‘not.at all. - Again, the nelnf\tqie'passes
through several stages:,(')fiicfgi‘d:‘fl)mt‘nt’; one Qf th.fzse 13 known as
the brown-cyst stag&“":‘l'n t,ms“',;gf.age'.the' nemat.ode 15 very resistant.
to unfavorable conditions and will remam ahve in the soil for a
number of vears: the exaet length of ﬁme 18 not ,knqwn.. “The Offica
of Sugar-l‘;lant:In“"‘-‘sﬁz‘;’;ﬁﬁm"&‘iS'-mﬁm}g.,‘3"‘0.1‘3"?,“"”‘ to determine
the cropsethat :»gm,_,:_;iesists@.nft, to th'e. nemutodc._t_mde.r the-.]qml soil -
and cli_matic=‘¢O,JJ§1{tji°DS;Wh_‘-‘m the n(_z_muLmi'c'; exists and a'.ls‘o to deter-
(s theﬂpropei"l.ﬁ“é“h' of the ro't,z\tmn 7mth ; tl;qf;e_ resistant erops,
so. that the mematoda will be eradicated or nt-_lex?@t, reduced to such
] beets mmy be grown with profit. Various

4 small number that sugar b S
coil treatmonts also ‘ave being tested: on nematode infested areas.

Some of these tests are yery 'p(x'mxvlising bui? w,i;ll ;n"ew.{ Ln}w repeated
before apything definite cin be said regarding. their *})eﬂem}ml‘e'tfecf,s,
Careful surveys have been made in some. of the dniested areas, and
all fields or spots: in fields coutaining nematodes have b('\e‘n listed
and marked, either for study or: for the purpose of growing crops
other than sugar beets on them. - A similar campaign 13 planned in
the other infested: arcas. where the sugar-beet nemutode has gained
o foothold, whils a caveful watch 5 being kept over all sagar-beet
areas in order to detect and combat the pest on its first appearance.

Curly-top.——This disease of t,hgsuga.r'. .be’e‘at;, is _conﬁn.ad to the west-
ern part of the United States. So far ag is known, it has not been
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seen in the eastern portion of the sugar-beet area or in any of the
beet fields of foreign countries. It has appeared in practically all
States west of Minnesota and Iowa where sugar beets are grown
commercially, although it has not been seen in all of the sugar-beet
areas of the West. It is not due to unfavorable climatic or soil
conditions, nor is it due to the kind or quality of seed used. It is
connected in some way with a so-called leafhopper, which appears
to be only a carrier and not the real cause of the disease. A further
study of curly-top is being undertaken by the Office of Sugar-Plant
Investigations in cooperation with the Bureau of Entomology, in
the hope of being able to determine the exact cause of the.disease,
and especially for the purpose of finding some practical means of
control. Curly-top does not usually occur to any serious extent two
years in succession in the same field, although there aresome excep-
tions to this rule. Frequently it will occur over a given area, de-
stroying or stunting to a worthless size practically.all of the beets for
a season and then almost entirely disappear, so that the next year
beets of good tonnage and quality may begrown on the same fields.
It is possible that there are other carriers besides the leafhopper and
that certain soil and climatic conditions favor the development of
this disease. The real eause, however, is undoubtedly organic in
nature; it is probably either an organism or an organic compound;
but until this cause is known little progress can be made in finding a
reliable method of control.# Curly-top has played an important part
in closing at least two<heetssugar mills and has caused 1osses of
hundreds of thousands of dollars in other localities.
Root-rot—There are several destructive diseases of the sugar beet
known as root-rot.» One of these is dué to a fungus called Phoma
and another is due to'a fungus known as Rhizoctonia:. Other root-
rots less extensive or little known are due to other fungi or to bac-
teria. The Phoma rot seems to be more prevalent and more destrue-
tive than the Rhizoctonia. These fungi attack the beets in the field,
usuglly in midsummer. Sometimes they destroy the plants before
they are harvested, causing a serious loss to the grower. In other
cases they make only a slight attack on the beet in the field, but
develop more or less rapidly when the beet has been placed in storage,
cither for sugar-making purposes or for seed production. The
Phoma fungus causes more loss to stored roots than any other agency,
especially if the temperature favors the development of the fungus.
These diseases are found in all parts of the sugar-beet area in this
country and in Europe. The most successful means of combating
the root-rot of beets in the field is crop rotation, and if it does not get
started in the field there is little danger of its developing in storage.
Leaf-spot—There are two fungi that produce spots on the leaves
of beets which are more or less general throughout the United States
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and Europe. One of these is known as Cercospora and the other
as Phoma; the latter is the same fungus that produces the root-rot. -
When the spores of either of these fungi fall upon the heet leaves
and the conditions are favorable the fungus growth attacks the tissue
of the leaf, producing distinct and charactevistic spois. The Cerco-
spora fungus does not generally attack any part of the beet plant
. except the leaf blade and the petiole, while the Phoma may attack
leaf and root. If these fungi are present in large numbers they may
do considerable damage to the beet crop. 1f the attacks are severe
early in the season, the growth of the beets is retarded and gonse-
quently the yield is reduced. If the attacks do not occur until Jate
in the season, after the beets have practically reached their. normal
growth, the diseases will reduce the sugar without appreciably. af-
fecting the tonnage. If these fungi attack the beets in midsummer,
both the yield and the quality will be generally reduced.” These
diseases may best be controlled by deep fall plowing and by crop
rotation. Crop rotation is especially recommended where it can be
practiced, but in cases where it is necessmjy.ftzégf_:;kfpl].ci}y; beets with beets
after these diseases have appeared, the ground should ba plowed in
the fall to a good depth, not less than "12"tp_\'.lié_‘.‘iuch-és. ~In fact, all
plant-pathological problems, from a practical standpoint, ave closely
connected with the cultural phases of crop production. Production
can not be successfully studied without a knowledge of the diseases
affecting that particular czop, nor can the disease of a crop be iu-
telligently considered with reference to control measures except in
conjunction with tho,Gﬁ]tﬁra}%’praéticesm;d with a know]ndge of the
conditions under whieh that crop is grown. L BN

. INSECTS.

The pl.incipal:-.ms_éfcfs nffe_:ct:ingfsuga;’:‘ boets hlg.y&_bg(m. "m&t&‘ﬂ' i
various publications of the Bureau oi,;l':arxt_c‘n'ug_.h.)gy;' A Tist of these
publicat,ioﬁs".is given at the end of 'thxg hunetm. | _;,Amgng ‘tho i“" |
portant forms which affect le.'.l'eaves.nre the webwarms and the
g Bvori I,?. SOIE localities blister beetles, f!m heet-las,’aud
local pests do (:.()1331dg.;-?1x}ta~ d,tqnage, ngnn]y by destroying the foliage.
They ‘also have & retarding effect onit;he growth of the buet, but the
principal injury 18 idu.lg to the destruetion of the fm:g,agg and the con-
sequent expenditure of energy and” food na(lez}'ed hy the p}lmt- t6
produce a new set. of leaves. Usually these. insects start in sroall
areas on one side or a corner of a field .m;d spread '.”“P‘fﬂ}f- - Of some
' il generations in a season, and if weather con-

species there are sever: ‘ RS UL R M)
ditions favor their developrient much damage is feequently done,

In the case of insects working eurly in the season the tonnige of the
beets may be greatly reduced, and if the insects continue until late
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in the season the sugar content also will be lowered considerably.
Sugar-beet insects as a general rule are more or less local and are
seldom very destructive for more than one or two years in succession.

All biting or chewing forms of insects are susceptible to poisons
and may be controlled by the use of arsenate of lead, Paris green, or
other arsenicals.

The leafhopper previously mentloned as a carrier of curly-top
is frequently very destructive indirectly. It punctures the leaves or
leaf blades of the beets with its slender beak and injects into the
plant some substance or organism which exerts a decidedly unfa-
vorable effect upon its growth.

Among insects wor klng in or near the roots are cutworms, wire-
worms, and white grubs, all of which are very destructive. White
grubs are abundant in sod land; therefore such lands should not
be selected for growing sugar beets. Wireworms and cutworms as
a rule are more destructive early in the season.while the beets are
small. They frequently destroy the stand to sueh an extent that
replanting is necessary. Cutworms come from the surfacg of the
ground and cut off the plants during the night. *They may be de-
stroyed by the use of poisoned balts, aceording to directions which
will be furnished by the Bureau of Entomelogy. Wireworms usu-
ally follow the row of young beets when they have begun their work
of destruction, and since they usually remain in a row a second plant-
ing should be made in the game direction, so that the rows are par-
allel. and several inches#from the original planting, i. e., without
harrowing or disking. "By pursuing this method the second plant-
ing will often become so large that little wireworm damage will be
done. Other remédies, however, are necessary.?!

The false chinch bug s a serious enemy to seed beets, frequently
appearing in immense numbers and working on the growing tender
seed stalks and Jeaves. When present in large numbers it frequently
absorbs by suction so much of the vital juices of the plant that either
the geed stalks are destroyed or the seed fails to mature. This in-
seet may be controlled by the use of contact sprays, among which
nicotine sulphate, 40 per cent, is most valuable. E}xpemmentq in ¢o-
operation with the Bureau of Entomology are now in progress to
determine whether or not spraying seed-beet fields is a practical
method of controlling this pest.?

BY-PRODUCTS.

The principal by-products connected with sugar-beet growing and
beet-sugar production are the beet tops, pulp, and lime. The first

1 See Bulletin 123, Bureau of Entomology, 1. 8. Dept. Agr., “A prellminary report on
the sugar-beet wireworm,” GS p., 23 pls., 9 figs. 1914.

See Farmers' Bulletin 762, * The false chinch bug and measures for controlling it,”
4 p, 2 0g. 1916.
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two of these have already been considered under live stock.  The
lime is an important by-product of the mill used in purifying the
juice in the process of separating the sugar from the nonsugars in
solution. For this purpose limerock is obtained and burned. The
limerock should be as pure as it is possible to find it and should be
thoroughly and evenly burned. The beet juiee is treated with this
burned limerock, and a large part of the mineral matter taken up by
the beet plants in the process of growth combines with the lime and
is removed by filtering. The lime is then washed out or. ofherwise
removed from the mill and is known as waste lime or Lime sludge.
Large quantities of this material accumulate at the various mills -
and may be used as a soil improver and as a fertilizer. < Tt ig bene-
ficial not only because of the lime, which tends to improve thé«phj?s-
ical condition of the soil, but because of the mineral maitec that the
lime has removed from the beet juice. The use -of‘tl"ii;s’h'xii%éfi&l as
a fertilizer has not come into general use in this ¢éunfry. *In some of

- b -

the beet-sugar countries in Europe this by-pmducb"iq all uged in
making commercial fertilizers, = It is used in: partias a filler in the
manufacture of fertilizer and in pa1't,¢ﬁs.‘.‘@?Iscﬁ;\lj‘..;iﬁ;prover just as it
comes from the sugar mill. It t11e1-e'f,(ii*f‘y‘j{“.}_1@§‘-'/in this country two
possibilities: First, it may be used just as it comes from the mill,
and, second, it may be used in the manuafacture of commercial fer-
tilizers. When first. removed. from-the. mill it is wet and can- be
handled with difficulty, btt itgseon, dries sulficiently to be handled
readily, is friable an(‘]_{.-;:egéily;;'jngp'rpor_at_,cd-_ with the soil, and <h sulil
all be used in improving farm lands. . Jn some localities where the -
value of this 1nate1.‘izil"ihas been realized it 18 W:.zshed.mxt:ai\d carried
in ditches or flimes to the fields, where it is spread by the irrigating
water. In thisiway it may be landled quickly at a minimun cost,
and if care is,t‘i'lﬁén?;ﬁ_. may be evenly -fp_rca.d.,; As soon a3 the ground
on whifh thetline has heen sprend s suficiently dry. it should be
plowed and the lime t!_mtnughiy miked with the soil." For sagar-
beet culiure there is very Hittle danger of gelting teo much lime in
the &oil. Beets not only. (:pmve welt on h:med .s(‘))l, bx.ec.,tllg }nm}r seems
to have a heneficial effact u_m}er SOmIe conditions in rgxtardmg the
development of certain plant discases, s .
! ROADS.

most im 'plo‘rt:uﬁ:. factors in iltzvelbpin;‘; ~a‘ heet-sugar in-
.dustry is that of roads, ~Cerl an lqc‘:x}xt;gs S?lfh‘:’l'“'l.‘s‘@ ‘_&_ﬂapted to
sugar-bect growing have been foum}‘m. .x\'hm}_x»’th}s‘ crop can not be
recommended or encouraged because of the ‘co_n.dxt.mn of the roads.
Fortunately, the intercst in roads during the past few years has
greatly reduced the number ol sueh, h)q:dﬂi@s. | B(}g’d building and
sﬁgar—beet culture have been mutually helptul. It 35:()“13, by having

One of th‘e
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good roads that crops which must be hauled to market in numerous
heavy loads can be handled successfully; likewise the demand that
these crops have made for good roads has stimulated their building
and improvement, as shown in Plate VI, figure 2. There are three
points to be considered in connection with roads as related to sugar-
beet culture: (1) The length of the haul, (2) the topography of the
country, and (3) the nature of the roadbed. Tn general it has been
found that 4 or 5 miles is the maximum distance that sugar beets can
be hauled profitably. It is apparent that the distance depends to a
great extent upon the topography and the nature of the roadbed.
If the country is hilly, and especially if the hills are steep, it fre-
quently is unprofitable to haul sugar beets. Unless at léast 8 tons
of beets can be hauled per load the conditions must be very favorable
to make the handling of this crop profitable. In the survey by the
Office of Sugar-Plant Investigations, cooperating with the Office of
Farm Management, it has been found that, other things being
equal, the cost of delivering beet roots increases directly with the
distance. In this survey the topography and the care of the road-
bed were practically the same for all cases compared. Tt is ap-
parent that it would be more expensive to haul a short distance
over a poor or hilly road than several times that distance over a
level stone road, as shown in Plate VI, figure 2. In speaking of the
hauling distance, reference is made not to the distance from the fac-
tory but to the loading station or point of delivery. In this respect
the grower near the sugar mill has no advantage over the grower
many miles away, provided the Jatter is near a beet dump.

The railroad haul is another point to be considered. As 4 rule,
beets can not be transported more than 100 miles with profit, at Jeast
under normal ¢onditions. There are, of course, circumstances under
which longer hauls aré permissible and profitable. Frequently in try-
ing out a new sugar-beet section it is necessary to haul the roots
several‘hundred miles, but in such cases it is not expected that any
considerable profit will be obtained from these beets, and, in fact,
théy sometimes are transported long distances at a loss in order to
determine whether beets of sufficient yield and quality to make beet-
growing profitable can be grown in a given locality. The length of
the railroad haul depends to some extent upon the local condition“s, the
returns that may be obtained, and whether the haul is over a single
road or over two or more lines.

CONTRACTS.

All sugar beets grown commercially for sugar-making purposes
are grown under contract. These contracts are issued by the sugar
company and are signed by some official or agent of the company and
also by the beet grower. The principal points covered in the contracts
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include the acreage to be planted, the prlcc to be: paid for the beets,

the methods of handling the crop, the time of harvest, and the regu- -
lation of delivery. Contracts are necessary because a dxﬁmte acreage
of sugar beets is required- in order to make a successful mill run.
Each mill should have enough raw material for at least a 100-day
run, although the average operating period for 1917 was only T4
days, as shown by Table IV, It would be a source of loss to the sugar
company to undertake to operate a mill with beets enough for only
50 days, or at half capacity. Knowing the average yield of beets per
acre in a given locality, it is compmatwely simple to determine ap-

proxnmtelv the number of acres that will be required to produce s
satisfactory run under normal conditions. Furthermores it is im-

portant that the sugar company shall have a written agreemg,ut or
contract setting forth the time of delivery’ of the beets Beet roots

must be deliv ered in sufficient quantity to supply. the m}ll from day
to day. It is very expensive to close a mill and let it remgin idle even
for a few hours during the sug(u-makmg period; % henoe there must
be some under stmdmg with regard to the. dﬁhvery of ‘the beets. On
the other hand, the beets must not be. dehvoregl “too rapidly. since

they might detemorate in quahtv if sforgd too long, especially in
certain localities or under certain climatia vondltmnb where the

spoiling of the beets before they could be put thr()ugh the null mwht

be a matter of considerable nmgmtudc
The growers require a conh"tct because they 1nnqt be msurad &

market for the beets at a ﬁhed pnce 'Uua 15 one of the few Crops
grown on a commercial seale 1 n which the market pm e 1s known even
before the seed 1s planted and for which thvm 15 no mar ket of any
importance except for sugar- -making- puxpom

There are three geneml forms of contract so far as the price to he
paid for heet roots is concerned, namely. the flat rate, the sliding
scale, and the proﬁt sharing plan. . This feature of the contract
relating to the price of beets differs w1th ddforent companios amd in

différent localities. LPR N s
Flat rate—The flat-rate contract. fixes & dofinite price which the

the beets regardless of the quality of the

farmers are to receive for
the “contract that the roots must

roots. It is usually stipulated iv
POSSess & specified sugar content and purity in m\lw to be acespted,

but in all of the beet-grow mg aveas there 3s no record that any

sound beets have been rc]ected because of poor quality. The advan-
tage in this clause in the contract lies in the fact that the fields that

are not testing as high in sugar and purity as is 1'9‘]“11‘(‘(1 by the
contract can be held until a:later date before haryesti g I}guanv

the sugar content of the rtoots inereages mpldly in the fall, so that
a delay of a few days. at or neat harvesting time frequently means

a decided increase in the s*ugm' content and an mxpwvement in the
purity of the roots. The flat rate is the price pér ton for the clean
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and properly topped roots. It differs in different localities and
recently has been increased, owing to the high price of sugar.

Sliding scale—The Second form of contract so far as the price of
the beet roots is concerned is the so-called sliding scale. The other
features in the contract, aside from the price to be paid for the
beets, are usu.llly the same as in the flat-rate contract. The sliding
scale of beet prices is based either upon the pelcentaoe of sugar in
the beet or upon the market price of sugar at a given time and place,
or it is based upon a combination of the sugar in the beet and the
price of sugar. In those contracts in which the scale of prices for
beets depends upon the sugar content of the beet root there is a
minimum price per ton for a beet of a given quality and ‘an in-
creased price per ton for each per cent or f1 action of a per cent of
sugar in the beet above the minimum: The minimum price and the
minimum quality of the root agreed upon differ in different locali-
ties, but are definitely stated in the contract. "The rate of increase
also varies in different localities; for example, one sugar company
may agree to pay a minimum price of $4.50 per ton for beets testing
12 per cent sugar, while another company may agree to pay a mini-
mum price of 85 per ton for a minimum of 14 per cent sugar content.
They may also agree to increase the price 25 cents or 33} cents per
ton for each per cent of sugar above the minimum.

The price scale for beets, based npon the market price of sugar,
was in use in several localities for the first time in 1917. In these
contracts the price of sugarat a given time and for a definite, stated
period is taken as the brms If the price of sugar at the place and
for the time specified is $6 per hundred, for example, the price paid
for the beets will be $6 per ton or $7 per ton, as may be agreed upon
and specified in the ¢ontract. Usually a minimum price to be paid
for the roots is stated in the contract. This would seem to be an
equitable arrangement, since the greatest proﬁt to the grower and
to the sugar company would result when the price of sugar is high,
and both would share the smaller profit or the loss when the DE ice of
sugar is low.

Profit sharing—In the profit-sharing contract the grower is guar-
anteed a fixed minimum price for beets, the sugar companies to accept
a minimum price for sugar, which presumably will give the grower
and the sugar company approximately the same profit per ton of
beets. Tt is further agreed that all profits in excess of the amounts
above mentioned shall be divided equally between the grower and
the sugar company. In areas where this contract is offered the
grower, a flat-rate contract is available, if desired.

Tare—One of the important factors in handling beets is that of
tare, and it forms an important clause in the contract. Tare con-
sists of two distinct parts, one of which is the dirt which clings to the
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beet roots when delivered and the other is the part of the crown that
is sometimes left on the beet when the beet is topped. Tare is
obtained by taking a sample from a load of beets and weighing it
carefully. The dirt is then removed from this sample. usuallv by

means of a stiff brush, and the beets, if not propellv topped, are -
correctly topped and the cleaned topped roots again weigled. - The
difference between the original weight of the cumple nnd the clean.

properly topped beets is the tare. ThlS is usually reduced-to a per-
centage, and the entire load is tared on the basis of the sample tared.

Most sugar-beet tare houses are provided with scales thatigive a
direct readmg of the percentage of tare for each swmplé as ~1t Ls”
weighed. s

AREA COM PETITIO’N7

The competition between adjacent beet areas may ‘oi*’may’ not ba
of advantage to the beet-sugar industry, as a whole, and -ponsequently
may or may not be beneficial to beet growers mmdmgwlthln those
areas. If the acreage in a given ares is sqﬁment ‘to support two
mills, for example, the competition in. secui'mg acreage for each of
these mills may, if properly handled, stimulate the dvvelopment; of
the industry in that area. If. on the other hand, a sugar mill is
established in a given area having a ]mnt,ed sup;ax-bect aereage, due
legard being had for proper crop rotation, and a second mill is buﬂt
in the same area the results may be dxswstrous to hoth of the mills _
and may result in retardmg ‘or. preventmg the du‘elopment of the

beet-sugar industry in that' lm,ahty
In all lines of business, compohtmn is'desirable undor cortam con-

ditions, but in the beet-sugar industry a certain acreage of beets ig
necessary in order to enable n sugir xrull to operate on a pmmablp
basis. If a compenng mill draws upon the beet aore:tp{o in a given
locality to such an ‘oxtent that the raw material is not sufficient to.
provide a satisfactory and: profitable rrin for either of the mills. one
or Both of them must necessarily qnupend aperations. This vesult
must. lead to dlsappomtmeut and financial loss on the part of those
who have invested in the mills, and it duprwos the growers of the
benefits of sugar-heet pmduohon inasmuch as the eloging of the
mills must neceqsaulv me fhe grmvu‘s W Ltlmut Qa markvt tor their
product. B '

Sugar-beet producmg Areas may qmnenmmz he '\\tendmi by bring-
ing in lands not previously under eultivation, by the development or
extension of suitable means of irrigation, or by instituting ot extend-
ing a suitable drainage system whnoh will rechitm lands not now

under caltivation. In this manner areas that are now ‘eapablo of
supplying but one mill with raw material may . uvmxmaﬂv be made
to supply two or more mlllq In all cases the necessary acreage for
the maintenance of a mill should be in sight, without; injury to exist-
ing mills or to local growers, hefore any money is expended in the
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