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BEET-SUGAR MILLS IN THE UNITED STATES.

o mills were standing and
and refining sugar from beet roots. The
anding was built in 1870 at Alvarado,
1919. 4 of the 98 mills had been erected
£ 1919-20. 6 additional ones were
192021 crop, and two
a total of 106 beet-

In the United States in 1919, 98 beet-sugt

equipped for extracting
"‘l(l(?st one of the mills now st
Calif. During the summer of
“llfl equipped for the campalgn o
built and equipped for the handling of the
others are In process of construction, making
sugar mills now standing. (Table I.)
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BULLETIN 995, U. S. DEPARTMENT OF AGRICULTURE.

TaBLE I.—American beet-sugar mills in 1920.

No.

1
2
3
4

a Number of tons of beets that may be sliced each 24 hours.
b Rebuilt in 1879, 1887, and 1889,
¢ Acquired by the Holly Sugar Corporation.

’ ity.a

A Locatlon.ivm na ?ate ¢ | Capacity
of erec- ame of company. ol .
State. Town. tion. - (;]r;l’i" Ig](;s
¢ | Tons. | Tons.
California....| Alvarado......... 1870 | Alameda SugarCo............... 500 | 800
| Nebraska....| Grand Island..... 1890 | American Beet Sugar Co. ... ... .. | 350 500
tRRN . L. Tahls $a omor L 1891 | Utah-Idaho SugarCo...... ... .. [ 300 | 1,200
Oalifornia. | 'Chino. ... oo 22250 1891 | American Beet-Sugar Co. .. .. . l 400 | 1,100
..... do.......| Los Alamitos.....| 1897 | Los Alamitos SugarCo...........| 350 900
Wisconsin -..| Menomonee Falls.| 1897 | Wisconsin SugarCo.. .. . 777" 500 | 600
R e 2 = Cpdarisess sen_cs 1898 | Amolgamated SugarCo.... .. 350 | 1,000
Oaltforniate | Oxnards .- 05 .. C. 1898 | American Beet SugarCo.... ... . 2 000 | 3,000
..... do.......| Betteravia........[ 1809 | UnionSugarCo........... .7 " 7"l " 500 | 1,209
..... do.: .22.5| Spreckels...Xx:....| 1809 | 8 rccko;lsbu;:gero............... 3,000 | 4,509
Colorado..... Grand Junction...| 1899 | Holly Sugar Corporation.... .. 350 700

Michigan....| Holland........... 1899 | Holland-St. Lows Sugar Co. . . _ .. 350 40 15
_____ do.......| BayCity.........| 1899 | Michigan SugarCo..........____ | 00" Gde0
..... HOMENC O ATMA Y. . - .- -] 1800 Ldo. el 600 1,400
..... do.......| West Bay City....| 1899 | West Bay City Sugar Co....._.. | #8500 900
_____ do.......| Caro..............| 1899 | Michigan SugarCo...........___"IGSg00e1, 200
Colorado..... Rocky Ford...... 1900 | American Beet SugarCo... . - 1,000 | 1,500
d Sugar City........ 1900 | National Sugar Mfg. CoX Sidueng 500 500
Bremont i ie 0.0 1900 | Continental Sugar Cq. LA |« N 600
Marine City 1900 | Independent Sugar Co... & lue. | 35000 600
Bay City......... 1901 | Columbia Sugar Co..... ¢ =250, 400 | 1,500
Lansing........... 1901 | Owosso SugarCo........ W 4 I 800
Joovelandi: it .. 1901 | Great Western SugarCo. ..\ 1,000 | 1,950
O TR 1 e Y 1901 | Amalgamated SugdrCo... [0 2| "400 | 700
Greeley: ussi. ... 1902 Great Western Sugar Co. . . 700 | 1,050
Batonu v arin . . 1902 200 ... .. deel--doliin 0T | 600 | 1,200
Garrollfons 2e w. . | 1902 | Michigan SugagCed”. .00 800 900
Mount Clemens...| 1902 | Mount Clemens Sugar Co... 600 600
Croswell....... ... 1902 | Michigan Sugar Cocaaeds ... 600 | 750
Sebewaing........ 1902 do....oo.eea B 600 850
GarlaniaRg gne e 1903 | Utah-IdahoSugarCe... . 777" 700 | 900
TaRhor: ... <. Idaho Falls....... 1903 do.......... veleledeat S0 Lk 600 900
Michigan . . | Stiliouid ™. Mt 1903 | Holland-St. Louis Sugar Co..__ . 500 600
..... do.......| Menominee.......| 1903 | Menominee River Sugar Co..____| 1 000 | 1,200
..... do.......| OWosso...........| 190348ywosso SugarCo............. 7| 1 000 | 1,300
Colorado..... Fort Collins....... 1908 | Great Western Sugar Co.... . . 1200 | 2, 150
,,,,, dor . . L. "WInasor: MRS S S ISP Bk A T TS R 1,150
..... do.......| Longmont......._| YN 0. . ......-...--eoeeo. | 600 | 2,350
Wisconsin...| Chippewa Falls. .4 [" 1904 pewa Sugar Refining Co.___~ 600 600
,,,,, do.......| Janesville..... 49 1904 County SugarCo.......___ | 600 700
YARNO 200 F Blackfoot... 488 | 1904 |@Ptah-IdahoSugarCo....._ . _° 600 | <00
..... do.......| Sugar City..97S@ 1904 700 900
CItahE Y L. 0. Lewiston @n. .. S0 1905 amated SugarCo.....__ . 600 800
Michigan....| Blissfield@s®. ... 1905 | Continental Sugar Co......_ . __ . 600 | 1,000
TIMROIS.. - .. . Riverdf®. ..... . 4905 | Charles Pope, Chicago......._ .. 350 500
Colorado... .. Lamagi .......] 2.1 Y1905 | American Beet SugarCo....._ ... 400 500
.| Sterlinga. ..... L.l 1905 | Great Western SugarCo.... . ... 600 | 1,050
MEdisoU.®. .| 1005 | United States SugarCo...._____. 600 600
458 . - . .. | 1906 ireat Western SugarCo.... . | 75 1,100
FortMorgan. .. ... 1906 (1 O N etk oo e 600 | 1,200
| Swink "’? ________ 1906 | Holly Sugar Corporation... . ___ 1,200 | 1, 200
BT ingRy” . ... .. 1906 | Great Western SugarCo.... . ___. r 1: 200 | 2, 000
QGarden City. .| 1906 | Garden City Sugar & Land Co_..l 1 000 | 1,000
[ milton City . 1906 | Sacramento Valley Sugar Co. ... " 600 700
A | CO¥ska............ 1906 | Minnesota SugarCo....... ... 0. 600 | 800
E LAs Animas....... 1907 | American Beet Sugar Co.....___. 700 | 1,000
Y Waverly......... 1007 | Iowa Sugar o3 - JEetis St i 400 500
N?\w Delhi (Santa | 1908 | Southern California Sugar Co.. . _. 600 600

na).

Scottsbluff...___.. 1910 | Great Western Sugar Co...... . 1,200 | 2,000
Panlding it ot 5 1910 | Columbia SugarCo......... ... " 700 900
Fallonis: BINere 1911 | Lahontan Valley SugarCo. ... .. 500 500
fnba ol At s TE S 1911 | Continental SugarCo............ 600 900
Blsinore s sawie 1 1911 | Utah-Idaho SugarCo............ 5 750
Anahefm..._. ... 1911 | Anaheim SugarCo............... 500 | 1,200
Huntington Beach| 1911 Holly Sugar Corporation.... . ... 750 | 1,200
Dyer (Santa Ana).| 1912 Santa Ana SugarCo......... ... 600 | 1,200
Burley. ... - L& ..l 1912 | Amalgamated SugarCo.......... 400 700
Pelador ... ul s 1812 Sl Molédotstigar Col sk STIRNIGE . i 1,000 | 1, 500
O CERWER S L o s g2 101212 [EONIOISUEATIAN0 L . o wl S LIS L 600 700
|“Pecatar. s ihl sl { 1912 | Holland-St Louis Sugar Co. ... .. 700 800
i | PAVRO - o it L i | 1913 | Utah-Idaho SugarCo........ ... | 500 | 750
..... do..).. | Tayton...~.......| 1918 ||'Layton'SugarGo. . .. ..........| 500 | * 1600
Wyoming. . .| Sheridan.......... 1915 | Sheridan Sugar Co............... 600 [ 900
..... do...t.i.l Lovell............] 1916 [ Great Western SugarCo.........I 600 600

.......

.......
.......
.......

.......
.......
.......

.......
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TaBLE L—American beet-sugar nills in 1920—Continued.

L.ocation. Date Capacity. Date

No. of erec- Name of company. Origi- | Pres- || €/,
State. Town. tion. nalt | ent. [STEOF

Tons. | Tons.

75 | Idaho....... Wi FAlIX e, 1916 | Amalgamated Sugar Co.......... i g{g 1 ;83 o
46 | Nebraska....| Gering............ 1916 | Great Western Sugar Co......... e 1' 000 | 1016
¢ I Othh:, . iieie Spanish Fork..... | 1916 | Utah-Idaho SugarCo....... > fat “)00 750’ [
3 ot o dol e West Jordan. ..... 11916 500 B0 |55, Sk
(DRSS s do.siix. Brighamotst. . .. i 1916 500 (VN e S
80 , Idaho....... 4TSS LSO 1017 50| 700/.......
8L 1 \Uteh, Lot ba | Smithfield........ | 19017 1,000 | 1,000 |.......
7 3 RO PR g Deltd: Soe: 1 | 1917 1,000 | 1,000 |.......
N3 | Colorado..... Brighton.......... [ 1917 1. 000 1,000 [.......
84 | Nebraska....| Bayard........... 19175140 - dO..cccceencscanns asaasnocas 1. 200 1’200 .......
S5 | Towa........ Mason City....... 1017 | Northern Sugar Corporation...... 1, 0004015200 |.......
86 [ California....| Manteca.......... 1917 | Spreckels Sugar Co.... R ey 400 Q0 |- - .-
87, |- Utahas s, Motoni s, .. el 1017 | People’s Sugar CO”"’{? ks | A0 | A a.----
88 [..... dos. Ay Cornish. ... 0000 1917 | Amalgamated Sugar 0. --------- o
89 | Idaho....... Shélley’. .. 25 A 1917 | Utah-Idaho Sugar CO............ 5000 5008, . ...
90 | California....| Tracy............. 1917 | Alameda Sugar ((90. o ] 600 600 |..... s-
91 | Wyoming...| Worland.......... 1917 | Wyoming Su rar Co.L1n -' GO0 | LoD fokiies--
92 [ Washington.| Yakima........... 1017 thh-ld_aho“ ugl ton Sugar Cova. - 350 350 f....nnn
93 lUtah i, .0 Lo Springville........ ' 1018 | Springville-} ﬁp vequ r Co VW 450 ].......
o] e do.ssi! Centerfield........ 1918 | Gunnison Va g"\oh A A, 400 | 400 .......

e 3 LS dosiudite HOOper. ...ouuaun | 1919 | Pionecr Sugaqr var COlR . - - - § 75 750 f......
96 | Washington.| Sunnyside........ { 1919 Umh'!““"," ‘.}1§11 ar O S S00 | 800 [.......
97 | 1daho....... Rigby............| 1919 | Beet ""“,‘ e ,‘,500 Vh o Y [ 750 | 750 [.......
98 | Washington.| Toppenish .. ...... | 1019 | Utah-Ida ster u%llgﬂr cyy.. ¥.. 1,000 | 1,000 f.......
99 | Nebraska....| Mitchell.. .. ...... | 1920 | Great Wes ?ruco -Np-----|  600] (600].......
100 | Idaho....... eWhitney L st Tl | 1020 | Fionoet S"&”f r Ct; A ... | L 000 poo s o
101 | Michigan....| Mount Pleasant..., 1920 [ Columbia Suga e .- 600 | 600 f.......
102 | Towa........ Belmond......... 1920 | Iowa Valley ug:Co ........... | 600 600|.......
103 | Wisconsin...| Green Bay........ 1920 | Green Ba}‘, Sugar Gl .k ) 600 ol B
104 | Utah........ Honeyville........ 1920 | Utah-Idaho C rporatic;n ......... 600 600 {....:.-
105 | Colorado. .. .. Delka. Vi sl i3 1920 | Holly Su usr lm' C0.cucecnnnnnnee i o i e R

106 ---- (o [ YR , Fort Lupton...... | 1920 Industria® 508 pAV ¥ R WO T

. 11]< y o 1 3 f

During the past 50 years', other mills have lbu.l{) b)nlllltlii%)il;;d f:))l-

them have burned, 1 has been dismant-lefl, and 1 ms:r e‘u i g
some purpose other than that of making beet sugar.

» . - — l (l bolllb

3 t-sugar mills that
I'16. 1—Outline map showing by black dots the loc:l%(.)llii :}1;‘11;(‘(;:01': i e
"V'('l‘e. iu operation during the 1920-21 campaign. = 111s e

y ark.
during the 1920-21 campaign are indicated by an X I
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point other than the place where they are now located, but owing to
certain limiting factors in beet-sugar production these 26 mills were
removed to other locations (fig. 2 and Table IT); 2 of these were
built in Canada and removed to the United States and 1 was built in
this country and removed to Canada.

Tasre 1L.—Original and present locations of the removed heet-sugar mills.

Date Where built. Date Present location. |
oo A SR G i T Capac-
~ | erec- '- | mov- ity Original owners.
| tion.. | State. Town. | ed. | State. Town. (tons).
1..| 1801 | Nebr..| Norfolk....... 1905 | Colo....| Lamar...._.. -;:,0_500' N C
_ NEDK )1 [0 Aot PR P orfolk Beet Sugar CO.
© 2..| 1807 | NSYIENRome......... 1906 | Calif...| Visalia.......... 200i i*‘irst; New York Beet
y . | : ¢ S Co.
3..| 1898 k...do.. Binghamton.. 1904 | Idaho..| Blackfoot....... &,l)-goo‘ Binl z:;tllnton Beet Sugar
4..1 1898 | Oreg.. La Grande.... 1912 |...do...| Burley.......... 350-600) N
5..0 1808 | Calif. .| Crockett...... 1908 | Calif.. .| Corcoran........ 50()-1,&?' 8;ﬁ$3§‘njs{}’§?§e‘;°sugar &
| i N
6.. 1808 | Mich.. Bay City.. ... 7 " raverly % Refining Co.
7 1899 .t.(lo.. Behto; Iarbor igg‘.lz };)I‘l‘t?lrl() }}ez:';ﬁ;-l) 300.53% %lvl_iclugqn blglga,li‘;cgb
§..| 1809 |...do .. Rochester..... 1905 | Wis....| Madison......... 500-600{ 1) olvqr;ngc.at:_g(‘g i
9..‘ 1899 |...do .. Kalamazoo....| 1904 |...do.. . Chippewa Falls<|  500-6(y) K?‘i"" llgq“gq;co.
10..| 1809 | Nebr.. Leavitt....... 1910 | Nebr...| Scotts Bluff. &, . 2,000 a umazoi);. { Sugar Co.
11..) 1899 | Wash. Waverly... " 1918 | Utah...| Centerfield £0.. | “a50% 500 “t,‘;’q‘l‘,‘i“;gtmf‘;t;,w Sugar
12..1 1900 | N. Y..| Lyons....... vali ' ahei 2 Co. <
13..) 1901 | Mich.. Sgginaw.....:: i:’nltl) ﬁ:‘,}if s\tl:u:hf,lén """" g‘&)}:l,z(_)o Empire State Sugar Co.
14.. 1902 | Ont..., Dresden.. ... 1904 | Wis.... Janesville..... & 30(1)’_(-}()0 Saginaw Sugar Co.
i iy SR g Y 1908 | Calif.. | Santa Ana.....: 350-60g| Lresden Sugar Co.
171 1008 | Colo 7| 35t Tawas....| 1906 | Minn ..| Chaska........ . Bo0SSR b o ial S UghE <O
i 1902 \»o.o.. ELOLLY..o: 4 o5 1915 \Vf-o,.. Sheridan........ 600-900 ]a“as.umrc -
8.. > | Ariz ..| Glendale. .. . 1920 | Colo....| Delta........... 600 \{.Oth Sl'gé‘:;gn(;' & Land
‘estern 4
19..1 1906 | Idaho.| Nampa.. . _ 1916 | U | Spanish F o Co.
20..| 1906 | Mich.. Charfevoix.,,, 1912) })’“}h"' Sp‘“"?hlmk”' 01,000 Western Idaho Sugar CO-
21..| 1906 | Calif. .| Visali hio ggf0ttawa....... 600-700 ! higan Sugar Co-.
. 3 1 calf-) isalia........ 19194 Utal... Hooper. ... .. 400 gVestI\glchlgql:.u__\;ﬂ"py
‘ an oaquir
22..1 1908 |...do ..| Corcoran.. . ... 1920 ) Tda W hi Sugar Co.
23..1 1911 | Colo... Monte Vista.. 41916 \(vyl(l)?:" }}O}:Iéﬁey """" :‘8?) Pingree Sugar ﬁo- Beot
§ WOl San Luis Valley
24..| 1916 | Oreg..' Grant’s Pasd. {1019 | Was] i Sugar Co.
25 1?14 Mont . Mis._sou]a...... 1920 Nel)r‘.:: g‘[(l){)(.!l)\ee?lmh """ 500 Uta.hg-Idﬂho Sugar Co.
2..| 1918 |, do. .| Whitehall. " 1920880 tah_ _ | Honeyville. ... 1,000, Great Western Sugar Co-
S e T ool AR iy 600 Amalgamated Sugar CO-

"

Of the thrée mills that were
working of the éne at Staunt
The former operate
but evidently they
ing. » They wer
materials

burned, little ig known about the actual
| on, Va., or the one at Eddyv. N. Mex.
d for two years and the latter fop tﬁ,ree years,
’ fwere not sufficiently successfy] to warrant rebuild-
Thecn(ii]fnfl:,lll.rln(:;llmc.]ty S:(m(l constructed from gecond-hand
burned in 1905, operated \\'igll(lfalil'tglﬁﬁl]%s {)n,l:k’ Minn,, which was
years of its existence. The mill at ‘Vf::();?illllr;g (saillf 3 tlhelseve:
ere : Y T ) i 1€, Calif., which was
.Tl(lztfr()lilin‘ 1%8’ s closed in 1.899 and has since be;n’d\i‘ ::antled-
. at Pekin, 111., erected in 1899, was clogad : ;

since been transformed into 7 5 O‘SQ(] 1900 sy

Further data regard-

; a glucose pla
. - ; " 8 ant,
Ing these five mills are given in Table I1]



THE BEET-SUGAR INDUSTRY IN 1920, 53

ne o
Papre TTL—Beet-sugar mills destroyed or used for other purposes than
malking sugar.

L.ocation.
Capac-

No. |— e s ST | Date
No. : A erect- | Name of company. ity | Present status.
State. Town. ed. | ' (tons). |

[
|

1, 000 | Dismantled.

i (\-:-'l.'ff’r-"“' """ " Watsonville.... .| 1888...| Western Beet Sugar Co........
2 NG ] Staunton........ ! 1.\92...: 0. K. Laphamostt Sl Sius s (a) | Burned, 1894.
1|3 ew Mexico. .| Eddy........ .. | 1806...! Pecos Valley Beet Sugar Co.... 200 | Burned, 1903.
5 | Ilinois Yl | 350 | Burned, 1905.
: Inoised e o Pekin [+t k2, 2o 1809, . .| Tllinois Sugar-Refining Co..... luca

| Ne

| Minnesota..... St. Louis Park ..| 1898.../ Minnesota Sugar Co............

} 7 Glucose plant,
1

a Not known.
I'he 106 mills now standing are for the most part favorably. sit-

nated for extracting and refining beet sugar under present ‘condi-

tions. In many instances certain limiting factors will. need careful

N\
2¢p NE
4R 25¢ o
4
S 26
n 15E
3
I9g. 23R 16R o S T )
s 3R 17R Far <3 \
e 22R 6R h 15‘?
26R 25R \E <
I10R 20
2IR I9R . 10E
13R ‘ ;
IR
SR 1a° Yn
2R 23E AJE
12R
I5R
I8E
2G beet-sugar mills (E) and

R X Or OX . ) shows the original
the points to which they were removed (R). For example, 1E s £
i : b e which that mill was removed; 2E the

location. of mill No. 1 and 1R the point to . . i
point to which it was removed ; and so

ordeinal location of mill No. 2 and 2R the .
3 FFactories 21E and 22K are in the same loca-

on for cach mill listed in Table IL
tions as those designated by 2R and SR.

16, 20—Outline map showing the original location of

consideration and readjustment Lefore a sufficient quantity of raw
anently

material can be assured annually to malke all of them perm
ar mills have been crowded in too

sticcessful. In many areas beet-sug: O
rapidly, so that it has not been possible to readjust the farming opera-
and other improve-

tions and install the required drainage, irrigation,
i le the necessary well-prepared

ments with sufficient rapidity to prov .
acreage to supply enough sugar beets to insure a normal mill run. (“on-‘
sequently neither the mill owners nor the growers have received under
these conditions a maximum return for the money and labor invested
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1

|l Beets produced.

Average.
Nllnrl S| Beets
R e B |
rear. ing.| vested. :
and year mills.aw“”' i;)ir Tota tion, | beet
| acre. ‘
| ‘\__w,___ i
T T ——‘ / 1 Tons. T()n-?. I’.Ct- P- C(_. |
California: i;f'{,& 10, 47 1,477,'}26 19, 15 lii.;
Ty Y - R A BT U | 135 | 1848
. ot - .‘R e :
}3{}'"1 10| 75| 10ws| 822 815,96 | 180 17.87
oL B [T 122,813 | 8174 | 1,073 %28 | 15,07 17.66
. lo: = 70 | 2,018,298 13.04 15.00
C°l°1r9afr°° 15 192 188,58 1 1,857,649 | 13139 | 13 49
A ) S 161,476 | 11.50 | 1, 846 | 14.07 | 16.10
1917....1 15 =’ 711,443,846 | 14.07 | 16
61125,8% | 11.47 | 1/ 43, 15, 62
1918....1 14| 7 ; 66 | 1,764,772 | 11.71 | 13,
51 871827616 | 9 qg 1, 5
g R 933'219:847 10.58 | 2,325,003 13.60 | 15.81
Idaho: T S g >-48 | 357,137 | 13.84 | 16.
w0 5B 37,745 | § o7 Sz o7 | 13.40 T
iy 87 | 32,306 | 10 6 )33 :
oo 4 o| & 30,331 | "6.70 | 203’ 168 iy o
ig%o'": 81 72| &810| g g 104,078 | 13. :
Michigan: | i 543,766 | 13.79 16.87 |
i 5| o 6.38 | o9 100 13.91 | 16398
1917. ... 5 g ; 966,676 | 14.37 | 16g1
1918....| 16 114,976 | g 4o ’ 1263 | 14 o7l
191977 16 841123375 | ¢ g0 1,211,018 T 1579 3
. 192(],( 171 87| 149,550 | g 7m 1,312,883 | 13, |
2o R i iz | 128 Lo
A | A 97 | 51, 9.22 3, 4¢ : 55
}3}; 1| 8| 276| % 485,070 | 14,01 m.(l).z
919,01 4| g9 wl3 1016 | aogizag 10.99 | 13,
M 19208301 ¢ 5 | ac 72,206 | ¢ g3 ’g;vfesq 13.37 | 15.74
Ohio: L =
8-l 4| 45| 94 7a7 b7181 13,24 | 15. 50
}8}‘7’ 51 70| 24034 29,031412.08 | 16, 24
1918051 . & 91 | 32,33; 318, 1(2).53 }'Z'Ié
-l 5| m| %) 326 10. 4.15
19200 5| 100 | 19,199 4 435,928 | 12.31 | 15, 44
Utah: o -
‘ 95 | 68,21 N 798,119 12.75 16.C5
{3}? 15 85; 'i{%ﬁﬁ . m%,gzl»s 12.05 }5.%
5%l 1e 98 | 8117|129 3111.69 | 15
igig 18 84'1%,247 411,015 873 | 1105 13. 87
1920...| 18| ¢ ‘112,;567 §7-35 | 1,380,843 | 19’ 12 1s.czl
rs . Y | ¢ ’,_' mils
“ls‘fgi‘t?f'.‘.. 7000 &7 1 61,600 [ 11,58 14,90
cn | mm i i
£.05 g ] !
..... oL 117 443 | 1957 13.16
9-19 | 100,203 | 1. 4 15. 86
4 7.56 | 399 379 13.07 | 15. 69
2L | 55,85 | 7059 420,003 | 13 46 15.17
: 8.53 432,683 | 1359 15.95
19199088 22| 43,500 | g 20 205,616 | 11.05 | 14 7
il %22? O 509 | g5 596,471 | 13,06 15 54
4 olates: !
1916, 74 80\ 665, 308 2.36 | 6,298 950 13.86 | 1630
1917777 gy 74 | 604,797 | 530 5,980, 377 | 13- 50 16,58
8.0 gl g 594,010 | 10 5,948 798 | 13" 54 16. 18
... 8 o8 | 692,455 | "o 01 421,478 | 15 0y 14, 48
920,00 971 o 872,376 | o g 8,546,193 | 13 o3 15, 99
oo S S R Lo B
For Severy

l)endently,

has been g,
Cisting ang ;

al yearg the O
e of Farm M

dying the

an‘dgement a

-Plant Iny
1d Fap
Ag8ronomjc

the Prospectiy

hich hav
4 generg]

i ) LA -
Y I\ B(’(?t ‘f“”f” l)r("““'t“'n, I”I f I ) U
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favorable and those that are unfavorable for . e ok \
beets. The primary ul)joclt :)t}l:llfils\l(:llxllll()\]ttinf?; :(l)leu‘l)-l Oth:ifw,“. ({t.blfgm
of the beet-sugar ili(]llst‘l‘ . to encour: ' 'cl‘e 3 L'-me 'bm ?e"'
! Sug stry, to encourage the more general application
of those principles and practices which make for better returns to the
grower, and to discourage those practices which tend to reduce the
vields and quality of sugar beets and of other crops and also to un-
balance the relation between crop production and the kind, number,
:19(1 quality of the live stock on the beet farms.: The ceneral effect
‘Ulllt.‘-(]' at is the production of more sugar and a more xi‘o:u'ly perfect
'“t“'lflll'/,:lli(m of the beet-sugar industry in the United States.
) I'he production of sugar from beets in the United States for the
five-year period from 1916 to 1920, inclusive, is shown in Table TV.

SOIL.

Almost any fertile soil capable of producing good yields of other
crops will, if properly handled, ])1'0(111('e gOOd sugar 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 jtiot usually satisfac
tory for sugar-beet growing. .

Raw soil—Generally speaking, raw
duce as large yields of sugar beets as may be obtained from soil that
has been under cultivation forsome time. In recent years much new
soil has been brought undercultivation through the use of sugar beets :
this in a measure hasdil Megitency to reduce the average yiegi
sugar beets in this cointry. The argument in favor of growing sugar
beets on new soil i§that this crop will bring the raw soil ipder, contro.
and place it in/good tilth for other crops more quickly than almogt
any other crop now produced on a large scale on American farms.
It must be expected, therefore, that so long as new sugar-beet terri-
tories are being opened in the partially dgteloped sechions 'Of W
United States this factor, tending to keep down the average yield of
beet roots; awvill be effective. Also in many of the older sugar-beet
sections.in which the growing of sugar beets is being extended from
vear to vear. whereby new lands are being brought under cultivation,
{hiae Sl A b more or less effective in holding down the average
vield. 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 used for sugar-beet culture from year to year, the
average yield of beets per acre is strikingly above the average for the
entire country. Usually the grower who utilizes new soil for sugar-
beet production expects @ comparatively low yield and is generally
satisfied, for the reason stated above, if the crop pays the cost of pro-
duction. Though 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.

soil or new soil does not pro-
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): ¥ N B . g
L“l:.lt:uciis(t):;t t]llltxlrlxlll::]i- ‘1:' llt“‘.'.t‘l It may h(fl(.l too lll}l('ll moisture in the
beet production \\‘i‘fll(:lllt( .“.ltl-lﬁ_-t.hlo 90“.(11“0“8 UpkNO able for sugar-
eral feet below the surf‘l‘(l'; Tuidl d"“‘;““gﬁ Tt.tht‘ harponEN
excess water. no ““1;"1\'(,‘.‘ l ldm s s ope.sufhcwnt 'to carry offathe
ot it g ;" .}.‘l‘_) e .('()ll(htl()n \\'.l“ r(‘h‘lllt' 'h-()ll'l it.

found in sus:n.r-l)eot. Sg(.\t‘i:)he‘ (-)f t{llt‘.})l‘e('e(llllg Co.n(}ltm“ is sometimes
S Sll('h‘ B g 31{1}1 '\\‘1’1(*]1. t.he subsoil is of suc.h a Il:ltl.ll'c
Do S tiw lﬂrlb '\.01(3 ‘L}‘l”l('lllt It)o .keep‘ t.h‘e‘.soll. supplied
of the ‘f'l'O\\'il.l"‘ )l:mt‘h If the Agx :’b(l l'(l 7 Q(:On ‘1’"‘ 0' led('l
t"emcl\'hpomu; tlh he porous subsoil is very deep and ex-
qyE e ground is unsuited for sugar-beet culture. Fre-
‘tli‘(‘)‘:‘:“u];\l'dtlll)lf ;(:ndit'i.on can be 1'elie\'fac! so'rpewlmt. by proper cultiva-
y supplying the surface soil with sufficient humus to en-

able 1 4l e . .
able it to retain enough moisture to produce a fair erop. A heavy
Cro Sy : 5 . RiAG
P of beets can not be expected on a thin surface soil underlain by

an extremely porous subsoil.

TOPOGRAPHY.

[ \ 4 hd - - -
; Lhe }lllhl\'u able topography of an ared 1s frequently the limiting
actor 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 #opaf existing mill and are composed of
sufficient fertile, tillable’soiliso 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
and too far from existing mills to

too small to support a sugar mill
permit the beet roots to be transported at a sufficiently low cost.
actical means of

This problem may be solved by utilizing some pr

drying the beet roots. It 1s possible to glice and dry the roots,
ts by about 75 per cent without

theveby reducing the weight of the bee

changing the quality or lessening the quantity of sugar present. If
.this can be done with sufficient rapidity and at a sufficiently low cost
1t will be possible to handle to advantage the product of many small

valleys and other limited areas. A sugar mill should be able to
!landle not less than 500 tons of beet roots per day of 24 hours, and
}t 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: It is desirable that a
considerable part of the supply be within wagon haul of the mill.
Any factor which reduces the working apacity or the operating time
of a sugar mill increases the cost of production of the sugar. The
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small valleys mentioned above are S()lllt*till'l.(‘s used to S“l{l’l““;?l"tt;l:ll(‘.t:
beet crop f)r()(lllcetl in other se(-ttmns provided the hauling dist:
sy s rail 1s t too great.

by{}i‘?{%ﬁiézr:ed;}\lll;n: hillyb co.untry 15 ll(.)t satisfactory ,f\Ol‘ SU;I‘”."‘
beet culture, especially if the hills are 1.ncllne('l to \vush: . I'he uutuu.
of the soil of the hills is an impm'.t:mt factor in det.ornnm.n;_r whetlujl'
sugar beets can be grown. Ha.uhn;: .he:wy }oa(ls m. a hilly C()ulllltl_\
1s also a matter of serious conside ':mm.l. I.rsuully from 3. to 5 tons
of beets are hauled at each load and if hills must he (‘1}n1be(l the
loads must necessarily be reduced and the (r(?st.(ﬁ' lm.ulm;: conse-
quently increased. This in. itself may be a hmltmg factor in the
production of sugar beets in some otherwise favorable sugar-beet
areas. :

Level land.—In irrigated countries it is desi ‘able that the sarface
of the soil be sufficiently level to permit uniform Irrigation.
fectly level area, however, is objectionable bec .
spreading the water over the entire field with sufficient rapidity.
This 1s especially objectionable in the case ofiSugar beets. which
should be watered between the rows only, as shown in Plate I, figure
2. Again, when the land. especially in urigated sections, is v
level and poorly drained alkalj frequently sppe:
after repeated irrigations.

Sugar beets will toler
of alkali, but all Crops are injured by e

A per-
ause of the difficulty in

ery
irs on the surface
ate a small amount

Xcessive quantities of alkal;
in the soil, especially when the plants are young and tender.

Rolling land.—Other things hein g equal, moderately rolling land
is more desirable for sugar-beet culture than either extremely hilly
or very level areas. Mhis is especially true in those sec ‘
sugar beets are produced inder rainfall conditions.
sections rolling land i8 not

so desirable unless the
the country issuch that the area under cultivation ca

readily.  Under ixrigation conditions it is de

have an<even surface with a gentle slope of at Jenst « feet to the
mile. «If the slope is too marked the irrigation watep passes over it
too rapidly unless special care is taken in applying the watey.

tions where

In irrigated
topography of
N not be irrigated
sirable that the land

CLIMATE.

One of the most important factors in determining the suitability
of a given area for sugar-beet culture is the ('li.matg. Frequently all
other conditions are favorable, but some climatic factor renderg
sugar-beet growing unprofitable. |

Temperature—Successful sugar-beet growing has been confined t
the temperate region in practically all beet-sugar producing coun-
tries.  Frequently sugar heets will produce a satisfactory tonnage of
roots in warmer areas, but for some reason they generally are not
sutliciently rich in sug

ar to make them profitable ip sugar making,
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FIG. 2—THE CORRUGATED ROLLER, AN IMPLEMENT WHICH BREAKS THE
CRUST AND RIDGES THE GROUND AGAINST WIND EFFECT.
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'I:h,is 1s 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 growing the beets
during the so-called winter months, or at least by getting the plants
started in the winter or early spring. In some sections the elevation
and the temperature of the prevailing wind are sufficient to modify
the climate so that sugar beets may be produced with profit. If the
winter months are too cold for the production of beets and the sum-
mers too warm for the proper storage of sugar in the roots, a limit-
ing factor is established which renders profitable sugar-beet growing
impossible with any known varieties. Should it become desirable to
extend the culture of sugar beets into the warmer sections of the
country, it is possible that suitable varieties could be developed that
would be profitable from the standpoint of bothytonnage and quality.

Another important consideration is the fact that high temperatures
tend to increase spoilage. This may be overcome by passing the beets
through the mill as rapidly as they aué harvested and by harvesting
the roots as soon as they are matured. Regarding the lower tem-
peratures, sugar beets have been successfully grown in practically
all of our Northern States, and several beet-sugar mills are operated
successfully 1n Canada. Itdis apparent, therefore, that the lower
temperatures do not constitute a limiting factor in sugar-beet grow-
ing in any of our agrienltural gections. It would seem that a short
orowing season would render sugar-beet production unprofitable in
many northern apeasy but the sugar beet readily adapts itself to many
adverse conditions, and usually in those sections where the growing
season is shoft the su@ar beet grows rapidly and stores sugar In great
abundancél. In fact. some of our most satisfactory sugar-beet sections
are to be found.in the more northern States.

Dairing the period just preceding the beet harvest the difference 1n
temperature between day and night is one of the important condi-
tions in the development and storage of sugar in the beet root. The
young beet plant begins very early to store sugar, but its maximum
activity along this line is reached in the fall, when in most of the
beet-growing areas the difference in temperature between night and
day is most apparent. This difference is apparently one of the con-
ditions necessary for the proper elaboration and storage of sugar and
is 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 (10.\'0101)111911? of .t'he pt‘(‘tS.
thereby using up the sugar in plant growth instead of storing 1it.
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Moisture.

Moisture is necessary for the production of profitable
crops of sugar beets. This l'e:u-h‘es the soil in the form of rain or
snow, or it may be applied artificially. Our present su;::n'-be.et area
extends over a portion of the humid and the irrigated sections of
the country, as shown in figure 1.

In the hlu/mid sections the moisture falls largely during the winter
months, although rains usually are frequent during the spring and
summer. Oc asionally some parts of the humid portion of our SugaL-
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 growth. If these conditions were of frequent
occurrence over wide areas, they would constitute g limiting faetor
in sugar-beet growing in the humid sections: but they have oceurred
in this country only in limited areas and at long intervals. Occa-
sionally rainfall is large at harvesting time, and sometimes injures
the sugar-beet crop by producing a second growth of the plants,
which greatly reduces the sugar content. The extent of this injury
depends upon the condition of the beets and the duration of the rainy
period. TIf this is followed by a period of favorahle w
sugar content will be restored wholly or in part, de
the duration and nature of the weather. Tt sometimes happens that
the beets must be harvested before the lost Stighplis full% restored.
either to prevent the roots ffom freezing in the OTONNd or'te avoidia
temporary shutdown of the'mill. Consequently a second U

to late rains may causerserious losses to the grower and to the sugar
company. A season dnsthe liumid region i which the rainfall is just
sufficient to maintain a Stéad

Yy growth until neap
followed by continuous fair weather accomp

warm days, makes. conditions most fav
sugar beets sofar as the humid are

prevail @enerally'in the humid

ather, the
pending upon

harvesting time.
anied by cool nights and
orable for the production of
a 18 concerned. These conditions
sections where sugar beets are grown.
Ingthedrrigated 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
production. 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 sngar beets,
since they frequently cause the soil to crust. If this crustilig OCCUTS
shortly after the seed is sown the young plants have oreat difficulty

in breaking through to the light, with the result that the stands are
very seriously injured and replantings are necessary. Tf the showers
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 inter-
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fered with. This may sometimes be remedied by prompt cultivation,
:lll‘llf)ll;_"l] the plants are often so firmly embedded in the crust that
(:.llltl\':ltiOIl is difficult without serious injury to the plants. Some-
times a moderately heavy roller of one of the types shown in Plate
11 \\.'ill produce the desired result in breaking the crust. In irrigated
soc?mns every effort should be made to retain the fall or winter
moisture in the soil, and if the ground is dry in the fall, irl'igutinﬁ
1S Qenel'“!]y desirable. The soil should be sufficiently moist when
the seed is planted to produce prompt and (‘omplot(; germination,
and there should be sufficient moisture in the soil to maintain a
steady orowth for several weeks. As soon as the plants indicate that
they are suﬂ'er.ing from lack of moisture they should bedrrigated.
When beets wilt during the day and fail to revive at night they
should be watered without delay. Usually from one to three irl'igz{-
tions during the growing season are sufficient to produce a crop in
most of the irrigated sections where sugar beets are grown. When
beets are irrigated the soil should be thoroughlywet, and every effort
should then be made to retain the moisture as dong as poss.ib]e by
frequent cultivation. ‘
Sunshine—The third ele

offect on the quality of sugar beets is light, o
control except in the selection of locality: It is generally believed

that direct sunshine is an important factor in the production and
in the beét® observation indicates, however, that
almost, 4f mot quite, as effective 1n pfoducing and
The importanee of light should not be overlooked.
it the leaves could not manufacture sugar.
aves 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, no matter
how favorable may be all other conditions for growth and sugar

production.

ment. of <€limate which has a marked
ver which man has little

storage of sugar
diffused light 1s
storing sugar.

however, since without
Beet sugar is all'made in the beet le

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 25,000
to 40,000 plants to the acre. If each of the beet roots harvested
weighed 1 pound, which ‘s below the average in most fields, there

As a matter of fact the

should be 124 to 20 tons of roots per acre.
0 per cent perfect,

tands are only from 50 per cent to 8
n the United States is about 10 tons.

not to be expected, considering the
and and the large area annually in
1,000,000 acres. However, there
aising the percentage of stand,

sugar-beet s
and the average yield of beets i
Absolutely perfect stands are
many factors influencing the st
ar beets. now approximately

sug
ficulty in greatly r

should be no di



14 BULLETIN 995, U. \ DEPARTMENT OF AGRICULTURLE.

thereby increasing the yield per acre. Careful attention has been
given ‘to the factor of stand during the last few yvears, and b:\'
actual count in many fields in all parts of the sugar-beet area }t
has been found that the stand at harvest time very frequently is
as low as 50 or 60 per cent of a possible 100. Tt ig 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 and are discussed below.
Seed.—The quality of the seed is one of the primary factors in
producing a stand of sugar beets. .\l} beet seed imported from
foreign countries must be up to a certain standard of germination
and purity ; otherwise it need not be accepted. As g ryle sugar-heet
seed stored under proper conditions will retain itg vitality six or
seven years. Usually we have no means of knowing the agesof the
seed that is shipped to this country. and it is entirely possible that
seed imported is sometimes near the limit of its \'itality and if held
over for one or two years may deteriorate in Zerminating power. It
1s customary for sugar companies to retaind part of their seed from
year to year to provide for replanting or'to take eare of belated con-
tracts. All reserved seed. as well as new lots. should be carefully
-tested for germination before it is given 6 the orowers. If the
germination of the seed is too low to produce a good stand of beets
at the usual rate of planting, either the seed should be discarded

entirely or a sufficient quantity of seed should he planted to insure a
good stand.

With American grown sugarbeet seed no
In ascertaining its age:in fact, all Americ
is utilized within & vear or two follow
present there is no danger of the home
nating power’ before it is planted.
seed shows a higher germinability than is shown by the imported
seed.  All American seed, however, should he tested carefully for
germination, because certain conditions during the process of gl'})\\'tll,
development, and storage of the seed may render it weak or non-
cerminable. One of the most important factors affecting beet seed
adversely during its development is the false chinch bug, which ocea-
sionally appears in some beet-see( growing localities. This insect
infests the beet-seed balls and the tender leaves and stalks and by
sucking the juice from the plant may prevent the seed from develop-
ing and maturing." The health and vitality of the beet root when
planted for seed is another important factor influencing the quality
of the seed. Beet roots that have heen weakened by Phoma rot or
other diseases of the root will sometimes produce seed stalks

(liﬁicu]ty should be met
Srcan grown sugar-heet seed
Ing its production, so that at
-Zrown see(] losin{_;' its germi-
In general, domestic sugar-beet

. and fre-

' For control measures, sece p, 49,
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quently the seed balls will begin to form: but the plants often die
before the seed is mature. If the seed stalks bearing the nonmatured
sef:*d are harvested and the seed balls from these stalks are mixed
\\:1th the matured seed, it is evident that the percentage of germina-
flon wil.l be materially reduced. Hot dry winds at the time the seed
is forming interfere with pollination and tend to prevent the seed
balls from filling and producing viable seed.

The water supply during the egrowing season has also a marked
eﬂ:ec!; upon the quality of the seed. If the supply of moisture in the
soil 1s too low, especially at the time when the seed is forming, the
seed balls will not fill, and the vield of viable seed will be reduced.
In the humid sections where seed is grown we have no direct con-
trol over the moisture supply except in so far as we are.dbleto retain

the moisture in the soil by proper methods of cultivation. . In the

irrigated sections, wherever water 1s constantly available, the mois-
It i§ not advisable

ture supply is under the control of the grower.
to undertake the growing of sugar-beet seed in"these irrigated sec-
tions where an abundant supply of water is not available for irri-
gation when needed.
The seed bed—The condition of the seed bed as a factor influenc-
ot 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 m(zisture under all conditions for a considerable
such4 seeds bed the soil should be thoroughly

period. To produce
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 harrowedhas eaely as possible in the spring, so as to retain
as fully as possible th@ moisture ‘1 the soil at that time. The seed
bed should bé worked from time to time to destroy the weeds that
may appeat, 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 texture and in
firnfnesé. If the bed is not uniformly firmed, the drill wheels will
sink deepér in some places in the field than in others, with the result
that some of the seed will be so deeply covered that the plants will
not reach the light, or they will be more or Jess retarded, producing
a spotted or uneven stand. The <oed should be drilled into the firm
seed bed, so that it will be constantly in contact with the moist soil.
(PL. 1, 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 spec
oiven, since much depends upon loe
In general, however, it has been foun

ing sugar-be

‘fie date for planting beet seed can be
al soil and weather conditions.

d that the soil should be warm
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iformlyv ot before the seed is planted, as b(:ot seed will not
and uniformly moist beto! ; TR v
germinate satisfactorily in a cold o1 unevenly R v
few of the stronger plants may come up in the fxT(‘ns. sll 1!:,1. g
seed bed is not too cold. but the stand will he unu(.n a1 H.. Bl
.perfe(ft. It i1s advisable, therefore, to svo’ that the :9()11 cond lm;s l .(
right before planting. Generally there is g p]:mtm;_r'mrllml ()' S( \i
eral weeks during which the seed may he placed m].t 1t( gi()ll}}i]
with good results. It has been ()bsexz\ ed t‘hut lllatc' p (‘lll llntg_g?‘\\lt
frequently give better re.sults th.:m very early p antings. | 1S 1‘1‘.,
advisable to plant in soil that 1s too dry or too wet. Tf the soil
1s too dry and irrigating water is available 1t 1s best
before planting; if il'rigating \.\‘ater
ations are favorable for rain it w
until rain has fallen,
planted, there is dan
produce a stand.

Winds—In some localities wind is an inq><>r§ant factor affecting
the stand of sugar beets. Aside from the effect ¢¢ wind upon see
formation, as previously noted. winddis éffective in two ways in
njuring the stand of heets, T¢ the soil is sandy, strong winds may
shift the sand so that the seed 1s covered foo deeply and the young
plants can not get through to the light, an( if the beet seedlings
are up the win( may carry the fine particles of sand against the
tender plants wit, such force that they are destroyed or severely
injured. This frequently occurs 1n level areas where strong winds
prevail in early spring. The destructive effect of w
OVercome, in part gt leasty by drilling in the see(]
the direction of fhe pPrevailing windg and by
s]ightly between the rows.

Crust.—1In many sugar-beet, localities the soil 1
to crust ifibds moiste

ned and the
times fall shortly after the seed

drying winds; and in

to irrigate
1S not availabhle and the indi-

il usually he advisable to wait
If the ground is too wet when the seed is

ger of the seed rotting an( therehy failing to

inds may be
at right angles to
ridging the ground

4S a strong tendency
D quickly dried.
1s plante
ases where the gq

Showers some-
d, followe by sunshine and

1l has g tendency to bake a
very hiiQpcrust will frequently form, whic, will either .])l'event the
voung plants from coming through ¢, the light ¢ will cause a very
uneven stand. The crust formed iy YATY in thickness, depending
upon the nature of the soi] and t] v :

'€ conditiong of the weather. If the
crust is thin and the young pl

ants have yot been caught in it, a light
harrow or a roller wil] sometimes put t},

¢ surface ip shape so that the
plants will hreak through. Tf the Crust is thick and the plants are
embedded in it, there is frequently ng remedy except to harrow the
ground and replant.

by an application of lime before op Immediately

" after plowing and
by keeping the groun( well supplied with humus,
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Blocking and thinning.—A\ good stand of beets very largely de-
pends upon careful blocking and thinning. Blocking consists 1n cut-
tillg’ out a ])()l'[i()l] of the beets l)\ means of a hoe or other suitable
implement (PL ITI, fig. 1), usually operated at right angles to the
row. leaving the remaining beets in tufts from 8 to 10 inches apart.
This should be done while the beets are very small. It 1s very easy
f(.)l' the careless workman to strike the row at an angle. making the
distance between the tufts very much greater. Frequently the tufts
themselves are destroyed by careless use of the blocking implement.
When the plants have been destroyed, practically nothing can be done
Transplanting sugar beets to the vacant spaces has
not been found ])l':l("ti(‘:ll)](‘ on a commercial scale.

The thinning is done by hand and consists in pulling et from each
tuft all the plants but one. Careless workers will often destroy or
pull out all the plants from the tuft, thereby redueing. the stand.
Frequently in thinning the dirt is removed so that the young plants
are left with their tender stems subject to the influence of the rays
of the sun. the heat of which sometimes destroys ‘them. The dirt
around the plant thatis left so as to protect 1t

to replace them.

should be brought close
from injury.
. Cultivating —Many otherwise good stands of
‘“J‘”'@‘.l by the cultivators either covering the your
or tearing them out. This injury is frequently due to care
sometimes to accident. Sugar beets are usually cultivated by means
of a -L-l‘.()\\' cultivator (Pl 4P 1). If by qacceident or otherwise
the cultivator is perntitted to shift so that several plants are injured
or destroyed in onewow. the same number of plants will be injured or
1'911)0\'@(1 from eadh of thetfour rows. This is a common Catise of poor
stands in many fieldss A few beets cut out of four rows here and
there in thefieldieach time the beets are cultivated will have a marked
offect upon the final stand and will greatly reduce the yield of beets
Sucécess in operating the cultivator depends upon the con-
upon the animals, the driver, and the adjust-
ment of the implement. By careful attention on 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 oround, as shown in Plate IV, figure 2, the
crop is laid by, and no further work is done until the harvest begins.
Diseases affecting the stand—One of the common agencies affect-
ing the stand of sugar beets is disease. Nearly all sugar-beet dis-
enses are due to parasitic organisms. One of the most serious affect-
the stand is the damping-oft of the young beets. Later in the
able damage in some localities. Leaf-

beets are seriously
1o plants with dirt
Jessness and

harvested.
Jdition of the seed bed,

ng
season root-rot does conside
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spot frequently injures the beets and reduces the tonnage. but does
not often destroy the stand. All fungous diseases may be g}'cutly re-
duced or entirely controlled by proper cultural methods, including
the proper rotation of crops. : . IR

There are several diseases which sometimes d(:zstroy entire hled.s.
The disease known as curly-top beiongs to tl‘us. group. Th"S‘ 1S
an obscure disease, the cause of \vllicl} is not (lef.lmtelb.’ known. The
Office of Sugar-Plant Investigations in cooperation \\'lth the Bureau
of Entomology is making an ezn.'nest effort.to _(1cte1'nunc the cause
of this disease and to find a practical means for its control. Another
serious pest affecting the stand of beets is the sugar-beet I?emutode.
The nematode first appears in a field here and there, destzoying a few
beets. From year to year this area becomes more marked if beets are
grown continuously in the 1pfeste(1 fields, and eventually. the whole
field is affected and the crop is worthless. The Office of Sugar-Plant
Investigations in cooperation with the Office of Agricultural Tech-
nology is carrying on extensive experimentsdn all‘areas infested with
the sugar-beet nematode, with a view to“controlling this pest in a
practical way, so that profitable crops of beets may be grown in
spite of the nematode. For a further diseussion of sugar-beet dis-
eases, see pages 45 to 48.

Insects affecting stand.—There are several insects affecting the
stand of sugar beets. The most common during the early stages of
the beet are wireworms and eutworms. The latter usually cut off the
root at some distance bielow the ground. As a result the plant dies
or produces a verygshort root. Sometimes the cutworms destroy
beets here and thereuin the field, but when the pests are numerous the
entire stand may be destroyed, necessitating replanting in order to
produce a czop.” White’ grubs also are serious pests. They are the
larvee of the May and June beetles. They occur frequently in sod
groundsand are to be expected in beet fields where beets follow sod.
Later in the season army worms and related pests frequently do con-
siderable damage. Even if the stand is not seriously injured by the
pests the tonnage is greatly reduced. For a further discussion of in-
sect pests affecting sugar beets, see pages 48 and 49. Tor a list of
publications relating to sugar-beet diseases and Insects, see pages
57 and 58,

Rodents ajfecting 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 gometimes
make serious inroads upon the stand of beets. These pests may be
destroyed by the use of poison or by trapping.
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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. IFor
uniform soil conditions, however, the right amount of pre¢ipitation
is of vital importance in the growing of sugar beets. ExCessive pre-
cipitation may be detrimental in two ways: (1) By preventing =
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 prevented. A deficiency of
precipitation may make a proper preparation of the seed bed im-
possible, or it may put the seed bed in such eondition that the ger-
mination of the seed or the subsequent growth of the plants may be
impaired. Excessive precipitation may be remedied under certain
conditions by a proper system of drainage. (See pages 22 to 24.)
The lack of moisture may be remedied in part (1) by putting the
proposed seed bed in a proper eondition to catch and hold the fall
and winter moisture ; (2) by subsequent cultivation whereby a mulch
is formed on the surfaée of the field, thereby retarding evaporation
and (3) by supplying the soil with a suitable amount of humus.

[rrigation—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
oood judgment. It is one of the most important factors in sugar-
beet 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
oxcess of water due to melting snows or from other sources may be
ctored 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-
surface water is present in sufficient quantity and at a depth shallow
enough to supply the necessary water for crop production at a reason-

able cost.
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Reservoirs are either individual storage places which supply m().ls-'
ture for a single farm or part of a farm or they.m:.ny l).c mmmumt?
enterprises operated by the lundo.\vners‘ or by an 11'1'1;_tutm;_r company.
Community reservoirs are sometm}es filled .(111‘0(ft1y from permanent
streams and sometimes they are filled during freshets. while 1.n(h-
vidual reservoirs are frequently supplied wit.h water l.)y pumping:
in this manner pump irrigation may be dn'?ct or indirect. DBy
direct irrigation the water is pum])e(l. mFo t'he. (ll.tche.s or laterals :m'(l
spread at once upon the fields; l):v 111.(11.1'0('t. iIrrigation the water is
pumped into a reservoir, from wlnc:h it 1s (llstnbuted. upon the ‘ﬁeld
when needed. There are difficulties to. overcome 1n each of the
methods of irrigation mentioned. In utilizing water froxp a com-
munity reservoir it is necessary for all farmers under the dltch.fr(.)m
this reservoir to use the water at a time :ngl'eed upon by the majority
of users, regardless of the requirements of all the crops to be w
In case the water is not used by one or mOI.'e farmers whe
voir is open, they must await the next opening .Of. the re
may be several weeks later, regardless ofthe Injury that the lack of
water may cause to their crops. Thefresérveir cqp not be opened

at the will and pleasure of each water uséthe T'o do so would cause »

great waste of water, which is often of greater value than the land
itself.

atered.
n the reser-
servoir. which

Water from a community #eservoir is usually prora
ured to each farmer so that heig'able to obt
wise, in using water fromisa stream in whic
prorated and measuréd, and 1IrTig
number of acr

ted and meas-
ain only his share ; like-
h-the supply is limited it is
ation must cease when the allotted
e-feet have passed through the gate, regardless of the

crop requirements. If the pumping plant is g community plant,
practically the same regulations obtain as in the case of the com-
munity reservoir: that is, each farmer entitled to water must use
it at a definite time agreed upon by a majority of the users or for-
feit his'right 0 the use of the wator until the next irrigating period
arrives: It would, of course, be too expensive to operate the pumping
plant fora limited number of farmers whose Crops were not in need
of water at the regular irrigating period. The individual plant is
usually more satisfa(-tory from the standpoint that water may be
available when needed. The expense, however, of installing and
operating an individual pumping plant has frequently heen beyond
the farmer’s means. It is apparent. therefore, that the water supply
for irrigating a suﬂiciently large area to Insure the growing of the
necessary acreage of beets to enable a sugar mij to operate success-
fully is frequently the deciding factor in the growing of sugar beets.
The problem of water supply should be conside

red carefully before
any large sum of money is expended in the erection of a sugar mill



Bul. 995, U. S. Dept. of Agriculture. P Vv
LATE V.

FISGL;GKZSES;{_ED‘?:ENLGD;MPé_EMENT USED IN SMOOTHING IRRIGATING FURROWS IN
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FiGg. 2.—A FLOAT USED IN LEVELING THE SEED BED FOR SUGAR BEETS.



Bul. 995, U. S. Dept. of Agriculture.

PLATE VI.

-

F1G. I.—PREPARING
ALFALFA, ONE OF T
THE FALL.

LLAND FOR SUGAR BEETS BY PLo
HE BEST GREEN FERTILIZERS

WING UNDER A CROP OF
WHEN THus TREATED IN

~ »

Py

\1 ;

|

)

L

—

- ! ,'{

3 ¥
./

it

Ay ik
A"-: o lad

»

d*"

£

g .‘

T

- i

Fia. 2.—HAULING SUGAR BEETS TO THE MLy,
REDUCED BY Goobp Roa

THE COST BEING GREATLY
DS.



THE BEET-SUGAR INDUSTRY IN 1920, 21

in any locality in which irrigation is necessary to grow satisfactory
crops of beets. .

If the water supply in a given area will insure the growing of
only 5,000 acres of sugar beets ullnlulﬂ)'lln(hn'l)rulnn:(qmn) rotation
and under other conditions favorable to sugar-beet culture, it would
not be advisable to build a mill having 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 improperly
constructed when they allow an excessive amount of seepage or when
they are so easily clogged that they overflow. Under the methods 1n
practice it is sometimes impossible to avoid usmg water on gertain
fields when it is really not needed. Occasionally 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 orowers.
Much can be done to delay the first irrigation 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 to meet the crop requirements as nearly as
P acticable there should be no waste of water beyond the unavoid-
able losses due to seepage and evaporation.

Methods of irrigation.—There are two general methods of irrigat-
ing sugar beets, namely, h}'i1oo<ﬁlu:,:usslu)“11i11l’lnto 111, figure 2.
and by the furrow methodgas shown in Plate I, figure 2. The first
method 18 generally detrimental to sugar-beet production and is
wasteful of water. In flooding the entire surface of the field more
water 1s used than ywould be used by the furrow method. There 1s a
much larger surface for evaporation. The air supply is cut off from
the beet rootsgand frequently as the oround begins to dry after a
flood irrigation the Surface forms a crust which further cuts off the
air supplys promotes evaporation, and Incases the beet plants in such
o wavdhat 1tasyery difficult to cultivate or otherwise work the plants
\\'ith;)llt doing some damage. It is argued that flood irrigation is
in certain sections where the slope of the land is slight,
but it is seldom the case that the slope is not sufficient to enable the
careful irrigator to use the furrow method, especially if proper lat-
and cross ditches are used. In using the furrow method of
irrigation a furrow s made between the rows of beets or between each
alternate row and the next, as shown in Plate 1. figure 2, and fre-
quenﬂ)'thhéfurro“'hssnunnh or sledded out by an implement, as
chown in Plate V, figure 1. which 1s drawn lengthwise through the
furrow. leaving its surface smooth and well adapted to carrying the
The water should be turned into these furrows, should be
olv without flooding the surtface around the

necessary

erals

water.
confined to them entir

n
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beets, and 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 111, ficure 2. The size of Flw ]w:u‘l must lb('
governed by the slope of the land, by the nature of the soil. and by
the number of furrows that can be irrigated at one time. '
Leveling.—In order that irrigation may be properly done th‘c ?w].(l
must be carefully leveled, as shown in Plate V, figure 2. This 1s
frequently a limiting factor on many fields ang occasionally in an
entire community. The lack of success in at least one sugar-beet
area 1s due primarily to the failure of the growers to level the ground
properly. It usually requires several vears to level o field properly
for furrow irrigation, for the reason that the depressions that are
filled during the first effort to level the field will usually settle :l‘ll(l
still leave slight depressions, while the higher points from which
the soil was removed to make the fills do not settle, and an uneven-
ness results. If the leveling process is repeated for w6 or three years
the ground gene ally becomes sufficientlydevel to admit of furrow
irrigation. If the ground is very uneven the Fresno seraper may

often be used to good advantage. In some localities the surf:w(f 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 thatuit can be carried to the highest point
and distributed oyer large dreasswithout the expense of leveling the
ground. In the process of leveling, the better surface soil is removed

from the high point ad carried to the depression. Tt is then neces-
sary to improve the ;

areas from which the better soil has been re-
moved, either by the

use of stable manure or
Sometimes seyeral YOS are required to make a leveled field uniform
in fertility a€ well'ag'in firmness of surface.
A very/coatse o011, especially if it has a porous subsoil, is irri-
gated with great difficulty, and frequently much time and money
are wasted in leveling sycl lands, as they are not adapted to the
growing of sugar beets or other intensively cultivated Crops.

a leguminous crop.

DRAINAGE.

Drainage has an mportant bearing upon sugar-beet growing in
general, as well as upon the production of other f
areas of land that are now too wet t¢ be cultiv

tillage and would produce good crops if properly drained. Other
large areas now under cultivation are 1 many instances becoming
water-logged, especially in the Irrigated sections, and will soon be
unfit for crop production unless they are drained. Tn some instances

the further expansion of the sugar-beet acreage is limited to the
bringing in of areas through drainage,

arm crops. Large
ated could be put under
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Natural drainage—Fortunately a large part of the tillable area
now devoted to sugar-beet culture has a natural drainage. This
may be due to one of several conditions.

(1) The surface of the ground may be sufliciently 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 g ll:ltl}l‘:l‘l drainage due to a sloping sub-
soil. . As 1)1'.0\'i()usl.\' noted, some areas have a subsoil that 1s more or
less impervious to water. If the impervious subsoil is sloping, the
water falling upon the surface soil will pass through to the subsoil
and gradually disappear along the sloping subsoil. In this case
natural drainage is satisfactory and needs no particular attention.
provided the iImpervious subsoil is not too near or too far from the
surface, and provided further that there is a natural-outlet, so that
the water will not eventually back up along the slope orineline of the
subsoil.

(3) The natural drainage accomplished by means of a porous sub-
soil has been :lh'ozld_\' noted. There ase localities in which the sub-
soil is so porous that it is almost impossible to hold sufficient water
in the seed and root beds to produce a ¢rop of beets. There are
therefore localities in which the natural drainage is of such a nature,
either through a lack of meisture or through an excess of water;'
that natural drainage constifutes a limiting factor in sugar-beet
production.

(4) On the otherdhand, there are areas and fields in which arti-
ficial drainage mustibe praeticed in order to put the soil in condition
for sugar-beet production. Several systems of artificial drainage
are in general use,

The opén diteh—An open ditch constitutes one of the methods
by whic¢h this limiting factor of excessive moisture is removed. It
‘< the least expensive method of providing artificial drainage, espe-
cially from the standpoint of labor and material involved. How-
ever. considerable tillable ground is lost through the construction of
open ditches. This loss is due to the space occupied by the ditch
and bv the ditch bank. In constructing an open ditch these points
sh(m]& be kept in mind, so thatthe least possible loss of tillable area
The open ditch constitutes a barrier which can not
ossed in the usual farming operations. It is adwvisable.

qcticable, to construct these ditches along the edges
aces where they will inter-

will result.

readily be cr
wherever pr
of the field. along roadsides, and in pl
fere least with the farming operations. Sometimes it 18 necessary
fields with ditches in order to drain the soil properly:

to-cross the .
o laid out that the

in such cases the fields and ditches should be s
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ditches will run lengthwise of the field, thereby avoiding the crossing
of the ditch in the usual farming operations. The size :u‘ul dvpl.h of
the open ditch will depend upon the length and fall of th.o ditch,
the location of the subsoil, the amount of water to be carried. and
the position of the outlet. The drainage ditch should :11\\::1)’5 be deep
enough to prevent any interference of the water table with the erop
to be grown. :

T he blind ditch.—The most satisfactory method of artificial drain-
age 1s the blind ditch. In the construction of this ditch tile is used
most commonly. Many fields that otherwise woul(d not yield profit-
able crops have been reclaimed by the blind diteh, These ditches
should be laid out very carefully with reference t direction, depth,
and slope, so that the entire area under consideration will he drained
thoroughly. The size of the tile is very important! Piles that are
too small must never be used. This is false economy, and it fre-
quently results in added expense in that the small $iles must be taken
up and replaced with larger ones. The tile sho
carry off the water quickly in times of exces
not to be disturbed by the plow or

carefully that the ends will fit against each other evenly and a oentle
and continuous fall should be provided, without
vation. The outlet of the bli

~ water may flow freely.

uld he Targe enough to
sive rainfall. deep enough
other Implements, and laid so

(1e1)i'ession or ele-
1d diteh should be kept open, that the

SEEPAGE.

Seepage is closely related tq drainage. Many fields or areas that
otherwise might be profitable for crop production are rendered use-
}esg by. seepage. This is éspecially noticeable in those areas where
Irrigation is practiced. Seep

age 1s detrimental to the soil in several
ays: (1) Asd loss of water, especially in ¢

stored for irrigating purposes
the land{either boc

ases where water has been

, and (2) through a loss of the use of
ause the soil is too wet for crop production or be-
cause of the accumulation of soluble miner

als which are brought to
the surface through seepage. The injurious soluble minerals usually
are known as alkali.

Seepage from streams.—
that a portion of the water seeps into the adjacent soil, form-
ing marshes or waste places due to exco
especially true where the fields
level, or underlain with an imper

bank of the stream is of Importance in this connection. If the
overflow at flood time is prevented by the construction of dikes the
land may be made productive by drainage. Usually these marsh-
lands when drained are very fertile and produce good crops, thotigh

they are not always the best for sugar-beet production, since they
sometimes produce large roots low in sugar.,

Some streams are so located naturally

ssive moisture: this is
adjacent to the stream are low,
vious subsoil. The nature of the
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Seepage from ditches—It 1s sometimes necessary to construct
irrigating ditches higher than the surrounding area, to carry the
water across low places or to carry it long distances. Tt is very
common for the water to seep through the ditch bank in such cases
and to 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 allow less seepage than ditches
constructed of sandy or other porous material. In the case of
s:md.y. ditches the holding capacity may be increased very greatly
by oiling the surface of the ditch with crude oil; this can be applie.d
economically only in those localities not far removed from the source
of Qil supply._ Where the oil is available it may be spread over
the mner surface of the ditch when the ditch is empty and should
be allowed to soak into the soil before the water is turnedvinto the
ditch. A second or even a third application of the oil will improve
the condition of the (itch. Ditches treated.in this. manner will
arry water with almost no seepage, 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. erowth will be pre-
vented, or at least decidedly retarded. There is always some seep-
age 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 rendered tillable by drainage.

Seepage from earth peservoirs—The area of land damaged by
seepage from earth reservoirs 1s less than that from ditches. but
the total is considerable and is usually progressive: that is, a small
area first appears to be water-logged and this gradually increases
from year tosyear until large areas involving fields and sometimes
entire farms are destroyed. Seepage from reservoirs depends upon
the construction ©f the reservoir and upon the nature of the sur-
rounding eountry. Reservoirs are sometimes constructed in moun-
tainous areas for the purpose of catching and storing flood waters
due to melting snows. Generally the location of these reservoirs is
such that no tillable soil is injured through seepage: the only loss
in such cases is causeéd by the quantity of water which seeps away
and becomes unavailable for irrigation purposes. In other instances
reservoirs are constructed of cement, which is nearly impervious to
water, and consequently little or no loss fropl seepage result.s. lThe
serious injury due to seepage from reservoirs takes place 1n those

localities in which the reservoirs are ('onstruct.ed ont-lrely1 01% in] ]pl:)l{t
S T VAl : ,

of earth and in which the surrounding country 1s composed ot ©/ able
s sometimes of con-

land: in such cases the loss due to seepage 1

siderable importance. : A ke
. R srious results of seepage
17%ali—As already indicated, one of the st

i1s the accumulation of alkali in the surface soil.
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there must be more or less alkali dissolved in the water. s 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
mmpossible. This condition is a limiting factor in the production
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 some-
times reached or exceeded, and beet growing hecomes unprofitable.
Alkali in the seed bed is especially troublesome, since the young
plants are very tender and therefore susceptible to thig® and other
adverse conditions. If the beet plants are wel] started before the
alkali accumulates in the surface soil, much less (|
as the subsequent growth of the plants is less affectod by the same

amount of alkali. The alkalinity of a soil may béreduced by the use

of irrigation water, provided the irrigating water je comparatively
free from alkali and -

a S?ltiSfﬂ('t()l'.\' (lrﬂinilge Ssyvstem ]l:lS been
established.

amage will be done.

SOIL FERTILITY.

l:'lm.nm.fs of plant growth—By fertility is meant the ability of
the soil to produce ; '

a good crgp. The difference hetween a rich soil
and 3 fertile soil should he keptiin mind—that is. 4 soil is rich if 1t
contains a considerable quantity of each of the elements required by
the 1)1211}( In 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 cannot be said to be fer-

tile. If a single element required by the plant, thouoh present, 1s
not soluble, this condition will render the goi] infel.tﬁ(, I ordet
Flmt an elément may be available to the plant, it must he éoluhlt‘ and
't mustidissolye, rapidly enough to supply the P e I thut,p:n‘-
ticular element as rapidly as the plant 1'e(i11i1'es it. Certain elements
are always available when present; other elements must be acted
upon iy C(.)'rtain substances under certain conditions in order to
become available or soluble. It is apparent, therefore, that fertility

1s one of the limiting factors in the production of sugar beets as well
as of other crops.

The sugar beet requires the same ele
required by other field crops, but in s
for example, a 10-ton crop of sugar heets (which is approximately
the average vield for the United States) will require about 30 pounds
of nitrogen, 14 pounds of phosphoric acid, and 71 pounds of potash:
a wheat crop, vielding 20 bushels per acre, will require 41 pounds of
nitrogen, about 13 pounds of phosphoric acid, and 17 pounds of

ments of plant food that are
lightly different proportions:
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potash: a corn crop. vielding 40 bushels of ears to the acre, will
require 56 pounds of nitrogen, 21 pounds of phosphoric acid, and
23 pounds of potash: clover vielding 2 tons of hay per acre reduires
83 pounds of nitrogen, 18 pounds of phosphoric acid, and 88 pounds
of potash. These elements are required by all field crops, and, in
addition to these, seven other elements are required in much smaller
fl"““t‘tios- These elements are always present in agricultural soils
in larger 01‘.Sm:l]101‘ quantities. The two questions, therefore, with
regard to soil fertility, so far as the composition of the soil is con-
(‘OI‘I]Q(.]. are whether the required elements are present in sufficient
‘l‘“‘}]tlt}’ to produce the desired crop and whether the eléments are
g '1“13.‘]’19 or soluble in such quantity and at such time during the
growing season as the plant requires. In addition to'the presence
of these elements, as indicated above, the soil must besin proper physi-
cal condition to promote plant growth in order to be fertile. In the
production of sugar beets a moderately fertila@eil is reguired. If the
soil is lacking in fertility the roots may be.too small'to produce suffi-
cient tonnage to make the crop profitable to the grower.

Under ordinary farm conditions theres little danger of the soil
being too fertile for satisfactory beet growing. Occasionally spots
are so fertile 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, or a épot where an old straw stack has been left
to decay. These areas sdre small and insignificant when compared
with the total sugardbeet acréage in the United States, but they
sometimes have an impertant bearing upon the results on an indi-
vidual farm, especially where the sugar-beet acreage on that par-
ticular farm as small. The greatest danger from the standpoint of
fertility axises from the lack of those physical cfm(litions or t:he
absence.of available plant foods to produce large )'leld§~ The prin-
cipal problem, therefore, in this connection lies in the 1xr}l)r0\'e1nent
of the fertility of the soil. Soils may be rendel:ed.mfertlle through
natural causeé, such as leaching, and through artificial causes, such as

single cropping, improper crop rotation, and the improper propor-
tion of live stock to crop production. One of the .prm('lpa.l I.n.ethods
il fertility is the addition of

that may be employed to increase sol e
Wi to the soilyelther in the form of stable manure or o1 &

crops plowed under.

1 'y ds of supply-
Stable manure—One of the most satisfactor )lllletho 1 ' Apcll Oze
ing humus to the soil is the proper us€ of stable manure.
I ve stock on the sugar-

1 1 7 ber of 1i
relation should exist between the num ot | ) : : B
, ler cultivation. Studies 1 prac

beet farm and the acreage unc NGy . of
tically all parts of the sugar-beet area indicate thaf gl:‘ebllmmll‘):éuz_
live stock on most farms is too small for the ‘H}O.St l?”’b (tll fi\lfje g
tion of crops and is usually below the possibilities 1 both
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and crop production when we consider the number of acres under
cultivation and the satisfactory crops that the tillable area is capable
of producing when properly fertilized and tilled. IFurthermore. 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, considerable 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 & large part of
the volatile plant foods has passed off into the atmogphere. Much
of the nitrogen is often lost in this manner. The bhest results in
utilizing stable manure in connection with stearbeet production are
obtained by applying the manure to the Crop preceding the beet
crop: this allows the manure to be thoroughly worked into the soil.
It is a 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 js no urgent work to be done g to dump it in
piles, to be spread at somecconyenient time hefore the eground 18
plowed. This is a wastefi] method, especially if the piles are left
for some days or weeks without spreading, often resulting in much
loss of valuable matefial through leaching. However, this method
is preferable to spreading the manure gn leaving it on the surface
of the ground exposed o the action of the sun and wind. If the
manure is spread and” the oround can not be plowed immediately,
it should be disked whenever practicable: that is, if the oround 1s
not frozen. Eortunately, the manure spreader is becoming more
and more ¢ommon, 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 re
unless the manure is plowed under or worked into the soil imme-
ciately after spreading.

alized, however,

(rreen crops.—Green crops plowed under

humus for soil improvement. Any vegetable mattey plowed under
and worked into the soil will add humus. though certain crops are
more valuable for this purpose than others, hecause of the plant food
as well as the vegetable matter which they contain. Such crops as
peas, beans, clover, and alfalfa. are among the
humus to the soil.

provide another source of

best for supplying
These crops should be plowed under in the fall

so that they will have abundant opportunity to decay before the

growing season begins the following year, In irrigated sections
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the ground should be irrigated thoroughly, if necessary, before plow-
ing, so that there will be sufficient moisture in the soil to bring about
the desired change in the crop 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 areen.

It 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 elimatic
conditions, especially the hot winds, seem to have a decidedly reduc-
ing effect upon the quantity of humus in the_soil. Humus 1n irri-
gated sections is doubly important, since it is necessary not only in
maintaining and improving soil fertilitygbut 1t also has a decided
advantage in in(‘l‘eusing the water-holding eapaeity of the soil.

The green crops will add little material not already in the soil.
They may, however, bring up the elements required for plant growth
from considerable depths and when plowed under deposit them in
soluble form in the surface goil. For this reason deep-rooted crops
are to be preferred for goildimprovement to those more shallow
rooted. At any rate some deeprooted crops should be mcluded 1n
each rotation system. The legumes may increase to some extent the
nitrogen content of the soil, and stable manure, if applied in suffi-
cient quantity, will supply at least a part of the necessary plant

foods besides adding some humus to the soil.

Commereial fertilizers—1f the required elements are not present
in the soil, or if present are not readily :1w'ai]al?le, they should be Sup-
pliedin the form of so-called commercial fertilizers. The composition
of the fertilizer used will depend upon the requirements of the crop to

it i1 which is to be used for
be grown and upon the condition of the soil

: 3 : v ‘e it is apparent that
crop production. Irom the figures given above 1t 1s apj

a sugar-beet or clover crop should have an abundant SUPPl}’.va Pi’(t)“tslilé
while for a wheat or corn crop SpeCi{}l. i ot l')f .g:ein hos-
hitrogen supply. A complete fertilizer consists (t),lfelslel le;’;l'w;l tg s
phoric acid, and potash. Compound§ contalnl‘ng ‘1 e
tnixedsinidiitront 1)mportions for dlfferenti c; Ol)sc(;lllrll 6t Partilizer
soil requirements. It fl'equently aphetie e i entpin the soil an
1S not required. Ior example, there may b(tal PI‘PSA; v)plv of nitrogen
abundant supply of available })(?tash, bl‘t} ]te msi a fertilizer con-
and phosphoric acid may be «]ehm?nt. Int 1(51‘ )I;OSi)hOI'i(. acid only
taining the required amount of nitrogen and ]
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should be applied. TUnder certain conditions commercial ff-l'tilixm's
do not seem to be effective. This may be due to the fact th:!t.
the fertilizer elements are not used in the proper proportions, or 1t
may be due to the physical condition of the soil. The f_!'l'(’:lf(‘:?',t
l)en.eﬁts are obtained from commercial fertilizers when the soil is
well supplied with humus. There should, of course, be a sufli-
cient supply of moisture in the soil to dissolve )
the plant foods that are already present or that may be supplied m
the form of a commercial fertilizer. The benefits arising from the
use of fertilizers, whether stable manure.
pounds, 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.

and hold i solution

green crops, or mineral com-

CROP ROTATION.

()ccusiona]lg a farm is found on which beets ay

e grown on the same
fieid year after vear.

While this seems to give satisfactory results
for a time in some instances. it is in general a poor method and one
that can not be recommended, since it tends to encourage the de-
velopment of certain sugar-beet pests which eventually render the
¢rop unprofitable. The rotation practiced in the \':11'io{1s sugar-beet
areas must necessarily depend, upon the crops that
most profitable in these sevesq] localities, as wel]
and live-stock requirementsof the farm.
the Irish potato is g profitable crop
I a system of rotation with sug
potato is not successful

do best or are
as upon the crop
In some areas, for example.
and forms gp important link

ar beets. Tn other areas the Irish
. s and in such sections it W
time and money to undertake to utilize it in

beets. Againgthere gve areas in whic
factory and‘rotates.well with sug;
parts of the sugar-heet territory the my
with success. In planning the pot
in mind not only the crops that wil] rotate w
but also the success of thoge Crops inde
also consider the practicability
standpoint of his returns: for example,
alfalfa gives good yields, hut bec:
value of the alfalfa undey normal conditiong 1s not sufficient to pay
the transportation charges an leave 4 reasonable profit. Therefore,
unless there is an abundance of live stock to utilize the aifalfa locally
or unless it is needed as a soil mprover, it i not a satisfactory rotd”
tion crop in certain localities in Spite of the fact éhz{t it produces
satisfactory yields. Our studijes of the varioysg sugar-beet section”
indicate that live stock is ‘ &

an i . : . the
sugar-beet farms, As already Mdicate] certain crops can be grow
y C ) i 5 Gt g

ould be a waste of
otation with sugar
h the muskmelon is very satis-
i beets or other crops; in other
skmelon can not be grown
ation, therefore, one must have
ell with sugar beets,
pendently. The grower must

of h:lnd]ing such crops from the

N Some sugar-beet areas
tuse the hauls are so long the
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to advantage 1f there is an abundance of live stock to utilize them.
Even if certain crops could be sold from the farm at a reasonable
return above the cost of production, it would be poor policy to sell
them, for the reason that by so doing a large amount of plz‘mt- food
would be shipped away. Live stock, if properly handled, enable the
farmer to keep a larger proportion 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 mustibe 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 deepsrooted, while others are more
shallow. The deep-rooted crops tend to sbir 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 @vailable 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 expese the plant foods to the action of the elements,
thereby rendering the mineral material available for the use of the
beet plants.and the plants of succeeding crops.

Relation of pests to crop rotation—The rotation of crops tends
to redufce or to destroy those pests which depend upon certain plants
for 4heif existence. As is well known, some plant pests live and
thrive only on certain plants. If these plants are grown .Veal'.“.fte"
Yyear 1in tlie same field, they furnish favorable breeding COHC-‘lltIOIlS
for the propagition and increase of these pests.. By changlng.to
other crops, plants upon which the pests can not live or upon which
they do not thrive may be grown and the pests thereby .destroyed i
reduced to g minimum. Frequently the pests have 1:e31stant forms
or stages in which they can exist in a dormant condition for several
vears, as is notably true of the brown-cyst stage of thg sugar-beet
nematode and the resting-spore stage of ceptm{x fungi. I.n 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 ca

n not thrive may be grown for several
years in succession. In some cases other methods must be resorted
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to in order to control the destructive pests, but a large 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 l'l‘llt", l.||c vlfcc:t of
sugar beets upon succeeding crops 1s beneficial.  This 1s especially
true of the small grains; that is, small grains grown after sugar beets
will almost invariably 1)1()(|11(c larger )lt‘M* lhlll when these grains
follow other crops. The sugar beet does not gather nitrogen from
the air and transform it into ])l it food, but, owing to its long main
root and its uneven feeding rootlets, it gathers a considerable quan-
tity of several soluble mineral salts and stores them in the beet crown,
and when the beet tops are fed to live stock and the manuze returned
to the soil considerable fertility is added. In addition to<this im-
proved fertility of the soil the methods of cultivation employed in
growing and harvesting the beet crop put the soil in Spluull(l t1lth,
theleb\ forming good seed and root beds for the crops that follow
the beets. \lth()u«rh sugar beets are grown primarily for the rash
value of the roots as a source of sugar, thé feeds obtained from the
beet tops, molasses, and pulp, and the increased fertility and improved
tilth of the soil are recognized as indirect benefits to the beet growers,
and are important factors in considering the advisability of growing
sugar beets. These indirect benefits due to sugar-beet growing have
only a remote bearing upon the price paid for bheets and upon the
price of sugar. They should, hiowever, be considered in figuring the
profits derived from sugar- heét culture.

COMPETING CROPS.

Crops grown wn competition with sugar beets may or may not be
suitable for rotation with sugar beets, l)\ competing crops is meant
those crops grown insugar-beet areas which appear to be more profit-
able or more easily produced, or for some reason are so favored by
the farmer that.ie may possibly prefer them to sugar beets. Some of
the ecompeting crops do not lend themselves r adily to a rotation with
sugar beets. In such cases the competing crops may be a limiting
factor im sugar-beet production on an individual farm. or if the crop
is a general one it may be a limiting factor in sugar-beet production
in a given community. A crop may compete with sugar heets because
of its market price, because of the small amount of labor involved in
its production, because of the peculiar fitness of the soil for the grow-
ing of that crop, because of local market conditions, or because it fits
more closely the requirements of the individual farms than any other
crop. The competing crops n the sugar- beet sections are beans, to-
hacco, potatoes, muskmelons, alfalfa, and grains. Other crops may
temporarily be competing with sugar beets, and some of those men-

tioned mav for local or other reasons temporarily cease to be compet-
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ing crops. Most of the competing crops may form a satisfactory
crop-rotation system with sugar beets in one or more of the recognized
sugar-beet areas. \

Beans—In the farm-to-farm survey of the Office of Sugar-Plant
Investigations beans have been found as a competing crop in several
localities, and under certain conditions it is one of the strongest
competitors. This crop is easily produced and brings a fair return
to the farmer for the labor and money invested. In some of the
areas stll(]ie(.l beans have ceased to be a competing crop because of
local conditions, chief of which is the presence of certain bean
diseases. It was believed that beans could follow beans profitably
in the same field for a number of years. but this, like all 6ther (,'l'()l).é.
is more satisfactory in the long run when grown in proper rotation
with other crops.  As in the case of sugar beets, continuous eropping
with beans has enabled certain diseases of the bean'to be pl'()]):lg_":ltt“(l
from year to year, thereby becoming more widespreac and more de-
structive, until bean production in certain areas issmo longer profit-
able. If properly handled. heans should bé a good crop to rotate with
sugar beets. They should not competé wath.the sugar beet to the
exclusion 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 oroundwin good condition for the production
of the bean crop. If thedbeet®@rop has been properly handled the
weeds are eliminated, afid in this respect the field is left in a cood
condition for beans. < Eurthermore, sugar beets leave the gr()m;l in
cood physical condition for a bean crop: on the other hand, if beans
precede beets they will leave the ground in good condition for the
sugar beets. The order of rotation, therefore, with these CrOps is
net particularly important. '

Tobagéo.~<Tobacco is not generally grown in the sugar-beet areas.
but there are a few localities in which both tobacco and sugar beets
are produced. Though the tobacco crop is expensive to handle, the
avorable conditions make it a strong competitor.

returns under {1
The methods used 1n growing tobacco do not usually lend themselves

well to crop rotation: for example. tobacco fields are usually heavily
fertilized with commercial fertilizer. Part of the results to be ex-
pected from these fertilizers should be apparent during the second
or even the third year after they are 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 (Ines. not admit of ordinary
crop rotation. Again, the tobacco crop requires a large amount of
some of which conflicts with the labor necessary for sugar-

labor, . i
If. however, a farmer can obtain sufficient labor

Leet production.
56830°—Bull. 995—21——3
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“to handle both crops there should be no.serio.us difficulty in produc-
img both sugar beets and tobacco, especlally 1'f. t.hese Crops are pro-
duced on comparatively small areas on the 1ndlv1.(lual farm. It may
be found, also, that these crops will rotate one with the other to the
advantage of both. ]

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 dis-
cases affecting potatoes attack sugar beets also; this is notably true
of the scab. When the price of potatoes is high the tendeney in the
especially good potato areas is to increase the potato acreage and to
diminish the sugar-beet acreage correspondingly. The chief danger
s that when an extra-large potato crop is ha rvested the price usually
drops, and the results are somewhat (lisappointing. It should be
noted 1in this connection that the prices paid for. suear beets are
fixed in practically all cases before the seedsis planted. The returns
from this crop depend not only upon the yield, but upon the quality
of the beets produced and upon the wholesale price of sugar. As
already indicated, sugar beets and potatoes form
factory rotation, but neither of these crops should immediately suc-
ceed or follow the other, because of the diseases that are common
to both plants.  There should be one or two years of intervening
crops, such as small graing opalfalfa.

Alfalfa~In some lodalities studied, alfalfa h
strong competing crop with sugar beets. This is true in part because
of the tendency torleave alfalfa sod without breaking for a number
of years, thereby making a very long rotation or, In some cases,
what amountg to ne rotation; for example, certain areas have been

- found in which alfalfa has remained undisturbed in some fields for

upward@f 20 years. Alfalfa is an Inexpensive crop to produce, pro-
videdsa good stand is obtained. This is not difficult if the ground is

well prepared and properly handled at seeding time. After the
alfalfa has become established the expense of maint

is slight, and the chief expense in connection with
consists in irrigating in certain sections and in ha
keting the crop.

In some sections where alfalfa erows well it is not a competing
crop with sugar beets, l)eca.usc: of the remoteness of these areas
from the market or because it 1s not fed locally to advantage; but
in cases where the alfalfa 1s used locally to advant:}ge or where
the markets are accessible it may compete strongly with the sugar
beet and may exclude the latter to such an o.xtent. that the bee!: acreage
will be so small that the profitable ope 'atlor} of a sugar mill is not
possible; for a sugar mill should bave a sufficient quantity of beets to

a part. of a satis-

as appeared to be a

aining the crop

alfalfa production
rvesting and mar-
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insure a run of at least 100 days each year, though the average run for
1920 was only 91 days. (Table IV, p. 6.)

Sugar beets may be grown in rotation with alfalfa to good ad-
vantage under certain conditions, and our studies have shown the
advantage of these conditions in several instances. This is espe-
cially true if the farmer looks upon the alfalfa crop as a soil-
mmproving crop as well as a crop from which direct satisfactory
returns may be expected. In such 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 put-
ting it in good condition for one or two crops of sugauibeets. It
is not desirable to grow sugar beets immediately after old alfalfa,
because the old alfalfa roots are large and woody and interfere
seriously with cultivation. It is better to follow‘old.alfalfa with
a noncultivated crop, such as small grain, which in turn may be
followed by sugar beets.

Fruit.—In several sugar-beet areas fruit has heen found to be
a competing crop. In several instances the sugar beet has been
eliminated or shifted to other arveas,or reduced in area below the
point of a profitable mill run. It 1s somiétimes possible to grow
considerable areas of beets in orchards when the trees arve shmll.
but as the orchards get older and the trees increase in spread of
branches and roots the vacant space between them must necessarily
hecome smaller and smalleruintil finally the sugar beet is excluded.
When fruit growing has beecome 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 1)i‘:lc-
tically eliminated. Qccasionally some misfortune overtakes the
fruit industryy and the area again returns to general farming,
including sugar beets. In one locality studied the entire cycle has
heen passed through, and the fruit growers are now removing their
trees and returning to general farm practice, including the grow-

ing of sugar beets.

The equipment on the sugar-beet farm is a matter of vital im-
yortance. It covers a wide range but 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 1f these parts can not be suppli?d, successful sugar-
beet growing is not possible. The equipment differs to some extent
‘. different localities, especially between the humid and irrigated
sections. Soil and water are not usually listed as a part of the
farm equipment. but are included here In order to emphasize their

importance in crop production.
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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.
‘\lthoulgh soil is not usually classed as a part of the farming equip-
ment, it is in fact a very essential part. If the soil is very sandy or
extremely rocky, it is not probable that it would pay to undertake
the growing of sugar beets. Certain conditions of soil may be
changed or modified by proper cultural methods, so that an other-
wise unfavorable soil condition may be changed to a sufficiently fa-
vorable condition to enable the farmer to produce a satisfactory crop
of beets; for example, a hard subsoll may sometimes be broken up
i such a manner that a sufliciently deep soil for the produetion of
beets 1s produced. Again, an infertile soil due to lack of humus. to a
scarcity of lime, or to improper crop rotation, may be remedied at
a small cost and an otherwise unproductive soil vendered productive.
As already noted, a soil containing an excess Of moistiire or one in
which the water table is too near the surfacesmaybe made productive
by proper drainage. It is apparent, therefore, that soil. from the
standpoint of equipment, may be a permanent limiting factor, which
In some cases can not be overcome sufficiently to enable the farmer
to produce a satisfactory crop of beets, while, on the other hand,
this part of the farmer’s equipment may be modified in manv cases
by proper treatment and the barrier to sugar-heet product‘ion re-
moved. This part of the farm equipment, however, like work stock.

implements, and labory is just’as essential for the production of
other crops as for the'production of sugar beets.

IMPLEMENTS.

Many of the implements used in sugar-beet growing are the same
as those used in the production of other crops, though some special
implements are necessary in order to grow sugar beets successfully ;
this is especially true of the drill shown in Plate T
cultivator, Plate IV, figure 1.

Drills @nd cultivators—Sugar beets are grown in rows about 20
inches apart, and there i1s a special drill for the planting of sugar-
beet seed. There are several 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 1.
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 experi-
ence in using a cultivator in. such narrow rows, In planting four

, figure 1, and the
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rows at a time many deviations from a straight line will occur in
each of the four rows, which can. therefore, be followed more readily
\\'itl} a 4-row cultivator with less damage to the plants. The beet
cultivators are usually equipped with various implements for stir-
ring the soil, destroying weeds, and forming a mulch, depending upon
the soil conditions and the size of the beets.

. Plows—The ordinary walking or riding plow can be used in turn-
ing the soil in the preparation of the seed bed. The 2-way plow is
“'C,H adapted to the sugar-heet crop. for the reason that it'pr()(luces
neither back furrow nor dead furrows. This is especially important
in the irrigated areas.  In some localities the disk plow is frequently
used, although the ordinary moldboard plow is In most ¢ommon use in
f“:-'“."']“’ct s The advantage of the disk plow for deep plow-
Ing 1s that it enables one to stir the soil to a good depth if the plow
is properly constructed and adjusted, without bringmg too much
raw soll to the surface. The plows in use vary from the walking
moldboard plow through various types of sulky plows to the disk
plow witl} its numerous variations. Inssome tvpes of soil it is espe-
cially desirable to give an occasional deep plowing.

Best results are generally obtained by fall plowing for sugar
beets. The farm-to-farm su;‘\'e\' as well as the experience and obser-
vation of the Office of Sugar-]’iant Investigations indicates that fair
results may be obtained l)); spring plowing. provided the soil has been
previously in good tilth, gptil

Harrows—In preparing a seed bed for any crop the disk harrow
1s a valuable implement. It is frequently used to advantage before
the ground is plowed, - When so used 1t puts the surface of the
oround I such condition that holes or spaces are nowhere left
when the ground is turned with the plow. The disk harrow is used
sometimes in‘breaking up lumps or clods after the plowing has been
done ;dhowevery if the oround has been plowed when in good condi-
tion and has been properly treated after plowing there will be no
Jarge lumps or clods for the disk harrow to break. In case weeds
start before the time for planting the sugar-beet seed the disk harrow
is sometimes useful in destroying them. In some instances in which
beets have been followed by beets good results have been obtained
by omitting the plowing and simply disking and harrowing in the
preparation of the seed bed in the early spring. The proper prepara-
tion after the ground is plowed consists in harrowing, preferably
with a spike-tooth harrow or other form of this implement. which
simply stirs the surface of the ground and makes a moderately fine
muleh. It is a more or less common practice to harrow at the end
ach half day or, at the latest, at the end of each day the ground
This is a practice to be especially recommended 1n cases
lency to hold the moisture in

of e
just plowed.
of spring plowing, since 1t has a tenc
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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 and rains.

The scraper and float—In the irrigated sections leveling is some-
times necessary to put the ground in condition to be irrigated. As
pointed out on page 10, ground which is not level or nearly so can
not be satisfactorily irrigated. This is especially true avith a crop
like sugar beets, which must be irrigated by the furrow method. If
the ground is leveled before the plowing is done, a seraper is com-
monly used. If the leveling is left until after the ground is plowed,
an implement called a float is frequently used; this consists of two
planks placed on edge and so framed together, abhout ¢ or 8 feet
apart, that they can be dragged sideways over the field as shown in
Plate V, figure 2. This has the advantage of not only leveling the
ground, but it tends to break up the smallselods s puts the
ground in good condition for further preparation of the seed bed.
Frequently the Fresno scraper is used before plowing if the surface
1s very uneven, and the float is used after plowing in the same field.
The two operations are quite distinct; the former is usually called
scraping and the latter leveling. The scraping is necessarv only
when inequalities in the surface of the field are very marked. The
time and labor spent in, leveling will be repaid in the production of
sugar beets, both from the standpoint of yield and from that of labor
saved in irrigating, |

The froller.—{\nothe'r mmplement of considerable importance in
sugar-beet growing is, thewoller. There are two types of this imple-
ment, as shown in Plate I, figures 1 and 2, namely, the smooth
roller and f.h.e fo-called corrugated roller. The latter is desirable in
those localities where there are high winds, since the corrugations
tepd to prevent the soil from shifting under the influence of the
wind. “The chief advantage of the roller s its surface-packing
effect.  IT"the root bed is inclined to be loose the subsurface packer
should "berused immediately after plowing. As previously noted,
the seed bed for sugar beets should be decidedly firm, for the two
reasons, at least, that the firmness of the seed bed tends to hold the
moisture, and at the same time prevents the sinking of the drill
wheels, which would frequently result in planting the seed too Geep.
The seed bed that is unevenly firm or in which there are soft spots or
areas is always unsatisfactory, 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 im-
plement 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
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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. (Pl VII, fig. 2.) The side lifter passes along
one side of the beet row and loosens the beet. usually without lifting
1t : 1in either case the roots. after they have been loosened. can re:ulil:\'
be pulled and thrown into piles. Care should be taken in
using these lifters to see that the beet roots are not broken, as con-
siderable loss frequently results to the grower from the breaking
of the roots, causing the lower part of the beet to be left in the
oround.

In topping beets by hand. heavy knives closely resembling large
butcher knives are used: in some localities sickles are‘used for the
purpose. This work. now done by hand. as shown in Rlate*VIIT,
figure 1, may be done by machinery. (Pl IX.)" I loading the
beets on the wagons, forks specially constructed with'a knob of metal
on the end of each tine should be used, so that the beets may not be
punctured when they are forked onto the afagon. Special beet racks,
as shown in Plate VI, fioure 2, and Plate VIIL figure 2, are commonly
used in hauling the beets to the factory or'dump. These special racks
are necessary 1 facilitating the unloading of the beets at the dumps,
where the beets are emptied from the wagons onto the cars. (Pl
VIII, fig. 2.) If the beets are forked from the wagon the ordinary
wagon box may be used, hut generally the beets are dumped, in which
:ase racks with hinged sides are mecessary. Turthermore, the special
rack holds more rootgthan the ordinary wagon bed, thereby reducing
the cost of delivering the crop.

Sugar-beet harvestey.~ Heretofore the most laborious operation
connected with beet culture has been the harvesting. This operation
consists of three parts, lifting, pulling, and topping. as described
above. Thepulling and topping have been done entirely by hand at
a cost'of $7 10859 per acre. Many attempts have been made in this
country andin Furope to construct a mechanical harvester. Recently
several types of this implement have been improved, and it is ex-
pected that they will be available to harvest at least a part of the
1921 acreage. Onme type of harvester, as shown in Plate IX, figure
1, is a motor-driven device which lifts the beets entirely out of the
ground and tops and piles the roots. Another type of harvester. as
shown in Plate IX, figure 2. is a horse-drawn implement which
tops the beet and then lifts the root. Each implement is operated by
one man; hence, the saving 1n labor and in labor cost are considera-
tions that appeal to the beet grower.

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
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equipment on a beet farm is the work stock, which shonld. be Sll‘fh-‘
cient in number. size, and quality to handle the work readily. Ior
the heavy work, such as deep plowing, lifting, and hauling the beefs,
heavy work animals, similar to those shown in Plates 1T, V, and VI,
are desirable. Work stock of proper size and quality, therefore, are
an essential part of the equipment. The horses should be trained
to follow rows when cultivating. Large animals. properly trained
and handled, will do this work without injury to the beets and may
be used unless small animals are available for this purpose.

Apparently the tractor is taking_.;r the place of work animals in some
localities for many of the operations on sugar-beet farms. - A farm
tractor should be of simple and durable constructiony moderate in
price, easily and cheaply operated, and capable of making fair speed
when required. |

Animals, in addition to work stock, are essential on the sugar-beet
farm in order to utilize to the best ad ‘antage the beet tops and
pulp, as well as the feeds grown in rotation with the beets
to furnish the necessary farmyard manure requir
improve the fertility of the soil.
whether dairy cows, beef ¢

., and also
ed to keep up and
The particular kind of stock,

‘ attle, sheep, hogs, or poultry, will depend
upon the locality, especially with reference to the markets, upon the
kind of labor obtainable fo handling the stock, and upon the other

farm’erops adapted to thatparticular locality.

LABOR.
The question of Jabor.on a beet far

the.lnck of labor to handle beets at the proper time will constitute
a limiting factor In’ sugar-beet production. Other things being
equal, the béetrorower with suflicient dependable labor of nfgod qualr:
ity at hig‘commant wil] handle the crop- to the best adv:m,ia(re. For
those growersiwho have not g suflicient amount of laboy nvailb;lble for

the production of sugar beets in addition to the other f
the sagar companies will usually undertake to oht

1:1.1)01'e1's usu:.nlly are t ':llxsiopt, coming into an ar
of the growing season. caring f01: a given acreage of beets during
that season, and returning to.their homes after the beets are har-
vested. In some instances they o out year after year to work in
the same locality and for the same farmers, Frequently they: pent
land after a few years of experience ang remain in the N
throughout the year; such worke

. I's sometimes purchase |
becoming landowners and employers of

: idk ; o labor.  The 1abor imported
into an area for work in connection wit}, sugar beets is handled under
contract at a fixed price per acre, Before he Jeaves his home the
lub01'e1" R sUpulating the acreage that he will be

m is of vital importance, and

arm work,
ain laborers. These
ea at the beginning

community
and, thereby .
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Fia. |.—LIFTING THE BEETS, THE FIRST OPERATION N HARVESTING THE CROP

BY HAND.
od with a riding attachment.

Al . = s "
The lifter is sometimes provid

XY . 4 ":“&-o
Fig. 2.—ONE TYPE OF SUGAR-BEET

This illustration shows the construction of the liftin
turning at the end of the row.

LIFTER USED IN SOME LOCALITIES.

g parts, which are raised out of the ground in
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Fia. 2—FEEDING BEET ToPS AND BEET-ToP SiLage IN RACKS.

This is the most economical method of handling this class of feeds
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\
allowed to handle and the price per acre that he will receive for the

labor. Labor problems are more fully treated on pages 42 to 44.

BEET BY-PRODUCTS AND LIVE STOCK.

ane stock constitutes an important factor in the success of beet
gr(l)wfng from two standpoints: (1) The utilization of beet tops and
Ll and (-3) the production of stable or barnyard manure.

e 9> live stock to feed.—Sugar-beet tops and pulp are good feed
for all kinds of live stock, including chickens, 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
l).e utilized for feed. They may be pastur:ed off. a process which _con-
sists n turning the live stock into the beet field after the beets have
been harvested and the roots removed, as shown in Plate X, 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 inclined to travel more gefierally .in paths, thereby
trampling the ground unevenly. In no case should the pasturing
of the tops be permitted when the ground is wet. since the ground
itself would be seriously injured by trampling in that condition and
many of the tops would be wasted by being trampled into the
While live stock thzives on beet tops and pulp, other feed
must be used _in finishingthe animals forithe market. - Beet tops,
especially the crowns, contain considerable mineral matter which is
beneficial to live stoclg but it should not be fed in too large quantities.

The tops are sometimes allowed fo cure partly and are then
gathered into piles, hauled to the feed yard, and fed in racks, one
form of whieh is 'shown in Plate X, figure 2. This is a much more
economicalmethod 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
oxcellent silage 1s 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 qrtificially, 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 1n drying the p.ulp 1S
to make it easier to handle. About 80 per cent_of the weight is lost
in drying and when dried it can be shipped long distances. 1t should
ral hours before it is fed to stock.
cep—1t 1s apparent that there should
number of live stock and the available
Ag stated above, animals

ground.

be soaked for seve

Number of live stock to k
be a suitable ratio between the
tops, pulp, and other feed on the farm.
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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 i1s provided with dairy cows, it 1s ad-
visable to furnish them with one or two feeds of tops or pulp each
day. The tops, when cured or pitted, wil] keep for several months;
the pulp when left in a large pile will not, spoil for fe

eding purposes,
except in a thin layer on the surface.

If the tops or the pulp are
fed heavily to dairy cows, a distinct increase in the flow of milk
marks the top and pulp feeding period, and there will oenerally be a
marked falling off in the flow of milk when this feed is (igcontinued.
Since the supply of tops and pulp is limited, it is hettér to' confinue
the feeding over a longer period, giving 4 smaller-amount to cach
of the animals daily. The tops and pulp should always be fed

in combination with other feeds in order to make a halanced ration.

LABOR PROBLEMS.

of the bheet farms is that
ith the labor question as
are (lllC to thc f{lCt t,hut a l)ill't- of t.]](‘

and 1s tedious; furthermore. the labor
I connection with this cropds, not continuous, Jop example, there

is a period in the spring whendéonsiderable labor s required for the
!»1()oking and thinning of the beets, as shown in Plate 111, fieure L.
he work during midsummer is light, consisting of a little hoeing.
In the fall there isanother increase in the labor requirement, due to
the harvest, follgwed by“the winter months, when little or no field
work in g)nm.:ction with this crop is done. The need for labor at
harvest tupe ISiapparent, as the beets must be harvested ],1-()nnptl_\’
when they aré mature. The reasons for pushing the beet harvest are
severalz Iall pains may set in ang cause the 1‘;0ts to deteriorate in
quality <the aroots may be frozen in the ground if harvest is delayed,
the mill must have sufficient roots to operate continuously, and the
farmermust get the heet crop out of the way in order to do his other
fall work. 'l‘!l(' question of obtaining and holding the necessary labor
for the handhing of this crop has be

: : en one of the serious problems 1n
sngar-beet ogrowing in this country. Beet labor may be classified

inder three heads—family labor, community labor, and hired labor,
t}'w latter l.)em;_r divided again into general labor, regular and tran-
sient, and into contract labor.

Family labor.—~By this term is meant the 1
family which has (‘(mtl'av!e(l with the sugar company to grow the
beets. Tt may be the family of the landowner or the family of the
tenant. Usually the most successtul operations in sugar-beet @row-

One of the most serious problems on many

of labor. The difficulties in connection w
related to sugar-beet culture

work must be done by hand

abor furnished by the
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1)11.‘_’“11( in those localities where the labor is handled by the family
A lllt :_‘:111:;\\;1'11; bIe](l,tt]]]:l)ls:(; ll‘oi(:llll:)ltesbth‘e]l)eet uvreag_{% per lfa‘rm 18 usua]l._‘v
usually more vitally interested ol 0113011192 PhPlIAER S
S or -1(11 T ‘;}:LS‘ ed in the success of the crop than other
Ry :rno(l.sit.u(l 1~1(1(101e greater pains are taken to produce and
' go ands.
lzll()oorml]))é ’t‘ \’"':fe!{l7(111)1(;1'.;;?tywc‘mnvl.nunit_y lz.ll.)Ol‘ i.s meant the exchange of
T T N -t,_l(?\\ Ing .fnmﬂles in a given community.
RAE L R e gl te(;ls 1‘n a given community nre'ready to be
IR e S q~d ‘ 1e same time, fmd since both of these opera-
AT L i q‘ 1bﬁpu)mptly as po'ssxb.l(.‘ Wl.len the beets are ‘rezu.iy,
B e i1 Owh.m:r( vantageous for. tnmllles. n the. same comm.umty
. A oe-labor method in handhing this crop.. This ex-
c}mnge system is not confined to the beet crop, but 1s'a eemmon prac-
tice In many localities in carrying on a1l kinds of farm work which
nee(yls to be done quickly, such as haying and grain harvesting.
General labor—By general labor i< meant that labor which 1s
r(‘{ll[)lo:\'e(l by the day, month, or year for the general farm work.
I'ransient labor is that part of this labor that ¢omes 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 handling 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

oxtent. It is unreliablesand unsatisfactory, but sometimes enables

a farmer to get through a temporary rush period without serious

damage to his cropg, Onamany farms there are monthly or annual
laborers who také partgin all of the farming operations, including
heetdvork. Wsually this class of labor is very satisfactory
are fortunate if by the aid of their
for the beet crop in addition

)

the sugar
in the beet fieldsyand the farmers

general helpers they are able to care

to thesother work.
('8ntrbct Wbor—This is the most common class of labor employed

to do the handwork in caring for the sugar-beet crop, and, as the term
ork is done under contract. The term * contract labor ™
s often misunderstood. It is thought
ing conditions that the
advantage of the
bor is compelled

sually the sugar company has no interest
to get his work

helping the grower

implies, the w
as used in this connection 1
are not familiar with beet-grow
tracts are decidedly to the

company and that such la

by some who
so-called beet-labor con
landowner or of the sugar
to work under contract. U

in the contract labor except n
done at the proper time and in the best possible manner. The land-

owner or beet grower desires a contract, O that he will be sure of the
necessary help in handling his crop at the proper time, but above
all the laborers themselves Jesire a contract which specifies the
number of acres of beets that a given individual, family, or other
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group of workers will be permitted to handle and the price that
they will receive per acre for their labor. These contracts are
usu‘nlly made with so-called labor families. although individuals
and groups of individuals sometimes enter into the contracts. The
labor families are usually in the cities during the winter. cmplu‘\'t.‘(l
in mills or factories. and in the summer they o out and work 1
the beet fields. For their own protection they must have a con-
tract before they can afford to leave their employvment to take up a
new lime of work. Many of these familjes return from year to
year to work for the same beet growers.

The contract labor usually covers all of the handworiused in
growing the beet crop: namely. the blocking, thinning. hoeing, pull-
ing, and topping. The landowner and tenant do all the 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 specifiedivate per acre, a
part of which amount is furnished them after each operation. Occa-
sionally they receive g specified bonus for each ton above a yield
agreed upon. The object of this bonus ig to encourage the laborers

to maintain the best possible stands and to Produce the highest pos-
sible yield per acre.

=

THE SUCCESSFUL GROWER.

The successtul Pproduction of sngar
a great extent upon the
tude toward the pr

beets on any farm depends t.n
temperament of the farmer and upon his utt}-
oduetion of this crop.  As in other lines of busi-
ness, the man’s ability to eonduct his business successfully is largely

a m:l.ttm. of individual temperament, Judgment, and ability to do
the right thimg in the right way and ot the right time. There are
many farmers s there are many men in other lines of business, who
are not adapted. to the kind of work upon which they are engaged.
It is not to be expected that these men would h .
in the growing of sugar beets th
Again, there are farmers waol] adapted by temperament to the par-
ticular line of farming whicl, they are fol'l(m'in;_r. but who would not
be successful in some other line of agriculture; for example, a man
might grow grain on g large scale and do it very successfully: he
might not at all be adapted to dairying or to the feeding of live
stock.  Some people can not hande live stock successfully even
though they have right ideas in regard to the handling of crops:
likewise, the grain farmer may not he adapted to the growing of
sugar beets.  Frequently grain production is extensive rather than
mtensive, while sugar beets should be handled intensively rather than
extensively. At any rate intensive methods should be employed in
growing this crop.

ave any more success
an in other lines of agriculture.

Some growers of the extensively Erown crops.
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like grains and forage. sometimes become very successful growers of
sugar beets, but generally they prefer the line of agriculture which
tl‘le)' have followed and from which they do not like to depart.
The same is true of the live-stock man, although the man who han-
dles l.l\'e stock, especially dairy cows, is more 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 market, and especially the man who produces or han-
dles large herds of cattle. The point to be made in regard to the
grower is that he must have the natural qnnliﬁcations for intensive
az‘-’“"}‘]tm‘t‘ and must be fitted by training and experiénce for the
growing and handling of erops 1';aquiring intensive cultivation.

DISEASES. \
apparent limiting factors in sugar-
beet production. A crop of beets that might otherwise be very
profitable is frequently turned to 2 Joss» by some disease. The
sugar beet, like all other 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
alue for sugar-making purposes. Some of the diseases are well
known and easily controlled; others, while known; are handled
with difficulty; and still others-are obscure as to their causes. The
losses produced by diseases miay be brought about by a destruction
of the plant itself“or byFsome injury which reduces the size or
quality of the beet root.
Damping-off—Among the diseases which -attack the beet during
the earlysstages of its orowth is the so-called damping-off. There
are several forms of this disease, due, apparently, to different organ-

isms, . Frequently the young beet plant§ tm;n bla.ck just at t.he
surfacerof the gound, fall over, and die. Sometimes the entire
root turns black and softens, and sometimes the blackening is con-
fined 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 coil or on the seed when planted. If
the disease is 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 1s damp and not tlmr(.)ughly.
warm, but the disease will not occur unless one of the damping-ofl

organisms is present. . . ;
Nematodes.2—The sugar-beet nematode is a minute wormlike or-
oanism. sometimes called an eelworm, which attaches itself to the

—

Diseases are among the most

—

2 Qee list of publications on p. o7.
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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 (Ileterodera
.w']:((c"/c.ﬁi). This pest has been known for many years in Iurope
and has existed in isolated localities in this country for more than
a decade. It is spreading, both by its own activity in certain stages
of its existence and by being carried from the present infested areas
by various agencies. The pest lives in the soi]l from year to year
and travels slowly, so that the infested area ig oradually inereased,
until frequently an entire field or even a group of fields may become
useless from the standpoint of beet production, Unfortunately, this
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 m

any. of our.plant pests.
However, there

are numerous plants that the nematode attacks to a
very slight extent or not at all. Again, the nematode passes through
several stages of development ;. one of these is known as the brown-
cyst stage. In this stage the nematode 1s very resistant to unfavor-
able conditions and will remain alive in the soil for a number of
vears: the exact length of time is not known. The Office of Sugar-
Plant Investigations is making every effort to determine the crops
that are resistant to the nematode under the local soil and climatic
conditions where the nematode exists and also to determine the
proper length of the rétation With these resistant crops, so that the
nematodes will be redueed to such a small number that sugar beets
may be grown with profit'in spite of the pests. Various soil treat-
ments also are heing tested on nematode-infested areas. Some of

these tests are VEEy promising but will need to be repeated hefore

anything definite .can be said regarding their Dbeneficial effects.
Carefulssurveys have been m

ade in some of the infested areas, and
all fields or spots in fields containing nematodes have heen listed and
matked, either for study or for the purpose of growing crops other
than sugir beets on ‘them. A similar ampaign is p];nne(l in the
other m‘reste(.l areas where the sugar-beet nematode has gained a
foothold, while a careful wateh is being kept over all sugar-beet
areas 1n order to detect and combat the pest on its first appearance.
Curly-top—The curly-top is confined to the western part of the
United States. So far as is known, it has not been seen in the east-
ern portion of the sugar-beet avea or in any of the beet fields of
foreign countries. It has appeared in 1)1'acti‘~:1]1.\' all States west of
Minnesota and Towa 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

1s it due to the kind or quality of seed used. It is connected in some
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way with a so-called leafhopper, which appears to be only a carrier
and not the real cause of this disease. A further study of curly-top
has been 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 are some exceptions to this rule. Fre-
quently it will éccur over a given area, destroying 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 goodstonnage
and quality may be grown on the same fields. It is possible that
there are other carriers besides the leafhopper and that ecertain soil
and climatic conditions favor the development of this disease. The
real cause, however, is undoubtedly organic in nature; it is probably

either an organism or an organic compound ; but until this cause 1S

known little progress can be made In finding ‘a _rehable method of
control. Curly-top has played an important part in closing at least
two beet-sugar mills and has caused losses 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 due to a fungus called Phoma
and another is due to a fungus known as Rhizoctonia. Other root
rots less extensive or little laown are due. to other fungi or to
bacteria. The Phoma xot seems to be more prevalent and more
destructive than the Rhizoctonia. These fungi attack the beets in
the field, usually insmidsummer. Sometimes they destroy the plants
before they are harvested, causing a serious loss to the grower. In
other cases théymakeonly a slight attack on the beet in the field,
but develop more or less rapidly when the beet has been placed in
storage, either for sugar-making purposes or for seed production.
The Phoma fungus causes more loss to stored roots than any other
agency, especially if the tempe ature favors the development of the
These diseases are found in all parts of the sugar-beet
The most successful means
rotation,

fungus.
> S J = " >

area in this country and 1n Europe.

of combating the root-rot of beets in the field is crop

and if i Joes not get started in the field there is little danger
of its developing in storage.

L(’(lf-!s’pm‘.——'l‘wo fungi which produce spots on the leaves of beets

are more or less general throughout the United States and Iurope.
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 beet leaves and the‘con-
ditions are favorable the fungus growth attacks the tissue of the
leaf, producing distinct and characteristic spots. The Cercospora
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fungus does not generally attack any part of the beet plant excepb
the leaf blade and the petiole, while the Phoma may attack leaf
and root. If these fungi are present in large numl)érs they may
do considerable damage to the beet crop. If the attacks are severe
early in the season the growth of the heets is yetarded. and conse-
quently the yield is reduced. If the attacks Jo not occur until
late in the season. after the beets have practically reached their
normal growth the disease will reduce the suear without appre-
ciably affecting the tonnage. If these fungi :tt:u'k the beets 1n
midsummer both the vield and the quality will be wenerally reduced.
These diseases may best be controlled by deep f:lﬁ |)lm\'i1v1g and by
crop rotation. (.‘1'()1) rotation 1s (hgl)(x_(-i“]l.\. recommentedhere it
can be practiced, but in cases where it is hovoss:n'\' to follow beets
with beets after these diseases have appeared. théBeround should
be p'lowed in the fall to a good depth, not less than 1?2 to 14 inches.
In. fact, all plant-pathological problems; from. practical stand-

: sstully “studied without a
kpm\-]e(lg(s of the diseases affecting that pirtichl,
disease of a crop he intelligently considered wit], reforan conlaNoIE
t”'f’l measures except in conjunction with the cultural practices and
with a knowledge of the conditions under which that Crop 1s growl.

Crop, nor can the

INSECTS.

r . - ¥ i
l“.he 1’“““‘_1)“1 insects, affecting sugar beets have been treated in
various publications©f the Burean of Entomology. A list of these

publications is gi\:cn at, the end of this bulletin. Among the im-
portant forms swvhich affect the leaves are webworms and the beet
army worn. .ln some localities blister beetles. leaf beetles, and local
!)ests do considerable (!am:lgc. mainly by destroying the foliage.
I'hey also have a retarding effect on the growth of the beet, but the
principal injury is due to the destruction of the foliage and the con-
sequent expenditure of energy and food required by the plant to
produge i new set of leaves. Usually these insects start in small
areas on one side or a corner of a field and spread rapidly. Of some
species there are several generations in a season, and if weather con-
ditions favor their development much damage is frvquentl.\' done..
In the case of insects working early in the season the tonnage of the
beets may be greatly reduced, and if the insects continue until late 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 vears 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.
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The leathopper. previously mentioned as a carrier of curly-top, is
frequently very destructive indirectly. After feeding upon diseased
plants it punctures the leaf blades or leaf stems of healthy beets with
its slender beak and injects into the plant some substance or organism
which exerts a decidedly unfavorable effect upon its growth.

Among insects working 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 such an extent that replanting
is necessary. Cutworms come from the surface of the ground and
cut off the plants during the night. Poisoned baits, prepared and
applied according to directions which will be furnished by the
Bureau of Entomology, are practically perfect rémedies.  Wire-
worms usually follow the row of young beets when they have begun
their work of destruction, and since they usually remain in a row a
second planting should bhe made in the same diréction, so that the
rows are parallel and several inches from the original planting, with-
out harrowing or disking. If this meéthod 15 pursued the second
planting will often become so large that littleAvireworm damage will
be done. Other remedies, however, are necessary.’

The false chinch bug is a serious enemy to seed beets, frequently
appearing in immense numbers and working on the growing tender
seed stalks and leaves. When present in large numbers it frequently
absorbs by suction so maich of the vital juices of the plant that either
the seed stalks are destroyed or the seed fails to mature. This insect
may be controlled in limited areas by the use of contact sprays, such
as nicotine sulphates 40 per cent, or fish-oil soap. The false chinch
bug usually makes its first appearance on a small number of plants.
Gathering the bugs from these plants and destroying them is very
helpful in ¢ontrolling 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 ﬁ1-§t t\\:o
of these have already been considered under live stock. The lime 1s
an important by-product of the mill used in purifying the juice in
the process of separating the sugar from the nonsugars i :solutmn:
For this purpose limestone is obtained and burned. The lu?lest(lnllt'
should be as pure as it 1s possible to find it and should be thorough _y

B TR oy ' g ) U ikg i -y report on
% See Bulletin 123, Bureau of Entomology, U. S. Depty agis \‘i.\tlmllxl:\];h:lfl .‘Domlxmonts.
he sugar-beet wireworm.” 68 p. 28 pis., 9 figs. 1914 (SUPArIEei

Vashington, D, ., price 25 cents.)

56830°—RBull. 995—21——4
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and evenly burned. The beet juice is treated with this burned lime-
stone, and a large part of the mineral matter taken up by the beet
blunté in the process of growth combines with the lime and is 1’0111(.)\'(‘(1
by filtering. The lime is then washed out or otherwise removed f.l'(‘)m
the mill and is known as waste lime or lime sludge. TLarge quantities
of this material accumulate at the various mills and may be used as a
soil improver and as a fertilizer. It is beneficial chiefly because of the
lime, which tends to improve the physical condition of the soil, and
slightly because of the mineral matter that the
the beet juice. The use of this material ag 5 fo
general in this country. In some of t]
Europe this by-product is all used in m
It is used in part as a filler in the manufacture of fertilizer andin part
as a soll Improver just as it comes from the sugar mill. Tt therefore
has in this country two possibilities : First, it may be used just as 1t
comes fmm-the mill, and, second, it may be used in the manufacture
of commercial fertilizers. When first removed from. the mill it is web
and can be llz}lldle(l with difficulty, but it sgon dries sufficiently to be
handled readily, is friable and easily incorpomte(] with the soil. and
should all be us.ed In improving farm Iands. In some loealities where
tl.w v.ulucj of this material has bheen realized it is washed out and car-
1.-10(1 i ditches or flumes to the fields, where it is spread by the irrigat-
ing water. .In this way it may be handled quickly at « minimum cost.
and if care is ta.kon it may be e¥enly spread. As soon as the ground
on which the lime has heen spread is sufficient]y dry it should be
plozved and the lime thoroughly mixed with the soil.

For §|1g:’1}'-l)(>ot (~u.1ture there is very little danger of getting too
much lime in the&oil. Beets not only thrive well on limed soil. but

e lm.m seems 0\ have a beneficial effect under some conditions in
retarding the'development of certain plant diseases

ROADS.
One of the most important f

lime has removed from
rtilizer has not 1)0('()11.10
1€ ])eet-sugzn' countries 1N
aking commercial fertilizers.

. ' actors in developing a beet-sugar
industry is that of roads. Certain localities otherwise adapted to

sugar-beet growing have heen found i which this crop can not be
recommended or encouraged because of the condition of the roads.
Fortunately the interest in roads during the past few vears has greatly
reduced the number of such localities. Road buildin.g and sugar-beet
culture have been mutually helpful. T¢ ;g only by having 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 improve-
ment, 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
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topography of the country, and (3) the nature of the roadbed. In
ceneral 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. TIf the country is hilly, and especially if
the hills are steep, it frequently is unprofitable to haul sugar beets.

Unless at least 3 tons of beets can be hauled per load the condi-
tions must be very favorable to make the handling of this crop
profitable. In the survey by the Office of Sugar-Plant Investiga-
tions, cooperating with tho ()ihcc of Farm Management and Farm
Economics, 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 roadbedweré practi-
cally the same for all cases compared. It is apparent that it-would
he more expensive to haul a short distance over a poor or hally road
than several times that distance over a level stone road (Pl. VI,
fig. 2.) In speaking of the hauling distance, reference is made not
to the distance from the factory. but to the loadmo station or point of
delivery. In this respect the orower neal the sugar mill has no ad-
vantage over the grower many miles away, provided the latter is near
a beet dump.

The railroad haul is another point to be considered. As a rule,
beets can not be transported meore than 100 miles with profit, at least
under normal conditions. There are, of course, circumstances under
which longer hauls are permissible and profitable. Frequently in
{rying out a new sugar-beet section it is necessary to haul the roots
ceveral hundred miles, but in such cases it is not expected that any
considerable profit will-be obtained from these beets, and, in fact,
{hey sometimes are transported long distances at a loss in order to

determine whether beets of sufficient yield and quality to make beet
orowing profitable can be grown in a given locality. The length of
the ],,l,lll‘()ad haul depends to some extent upon the local conditions,
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
oTown under contract. These contracts are issued by the sugar com-
pany and are signed by some official or agent of the company and
also by the beet grower. The principal ]mint< covered in the con-
{racts include the acreage to be planted, the price to be paid for the
beets, the methods of handling the crop, the time of harvest, and the
regulation of delivery. Contracts are necessary because a definite
acreage of sugar beets is required in order to make a successtul mill
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run. Each mill should have enough raw material for at least :ll 1.“(?1
. aver: serating period for 1920 was only ¢

day run, although the aver age o] Eucalod e e
days, as shown by Table IV. Tt would .be a source of loss b g
co;nl;any to undertake tg operz}te 11.111111 with beets (.'nn:u_'fl ],@ts pe.r
50 days, or at half ('upu('l.ty.. I\nowmg.the average vielc 0\ e ;ip-
acre {11 a given locality, it 3s comp:n'atl\'.ely snnplo.to determ

proximately the number of acres tha.t .\\'111 be require
satisfactory run under normal conditions,
portant that the sugar company shall. have e
contract setting forth the time of de.hvery of the l)eets.' Beet w;. \
must be delivered in sufficient quantity to supply the mll.l f.r()m ('.1‘;1
to day. Itis very expensive to close a n.nll and let it remainddle.eve '
for a few hours during the sugar-making period: hence. there mus

be some understanding with regard to the (]elivery of the beets. On
the other hand, the heets

must not be delivered toq rapidly. Si"f'e
they might deteriorate in quality if stored too long, especially i
certain localities or undep certain climatic conditions where the spoil-
ing of the beets hefore they could be put throughy the mill might be
matter of considerah]e magnitude.

The growers require g contract because t
market for the beets at a fixed
grown on a commerci
the basis for fixing
and for which ther

making purposes,

There are three general forms of conty
be paid for beet rgofs IS concer
scale, and the profit-
ing to the price
ferent localities.

Flat pate S ha fl

d to produce 2
N . - 3 bt 1-
Furthermore. it is 1n

a written agreement 01

hey must be insured a
price. This is one of the fow Crops
al scale in which the marke

the priceds known ev
e 18 no

t price or at least
en before the seed is planted
market of any Importance except for sugar-

act so far as the price- to
ned, namely, the flat rate, the sliding
sharing plan, This feature of the contract 1'01:1t‘-
of ‘beets differs witp, different companies and in dif-

at-rate contract fixes
farmers are to receive for the beets regar

roots. It ig usually stipulate in the ¢
possess ‘aiSpecified syo

: £ar content,
but in all of the 1

a definite price which the
dless of the quality of the
ontract that the roots must
and purity in order to be accepted,

| areas there is no record that any
soung SUGAE bee.ts h ected because of poor quality. The
sdyantageiin thls. clause in the contract lieg in the fact that the fields
BN 9ES Dk festing as high in Sugar and purity as is required bY
the contract can he held untj) a later date before ]i‘ll'vestin"- Usually
the sugar content of ¢}, Loots increggeg rapid] (in the fill so tha
a delay of a few days at or negy harvestine ti}r’n fr 119(11t1,v IOGH
a decided increase ip the sugqy conten an(f A4 e 18(1' ncﬂut in the
purity of the roots. The flat rate is the 1)1'i(-(e )1)11‘11;1'0\;?31 ihe clean
and properly topped roots, T differs iy, difl’f;en(t);n1()?uliti05 and
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varies from year to year in the same locality. The direction and
extent of the variation depend upon labor conditions and upon the
wholesale price of sugar.

Stiding 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,
ave usually the same as in the flat-rate contract. The sliding scale
of beet prices 1s based either upon the percentage 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 mini-
mum price per ton for a beet of a given quality and an increased price
per ton for each unit or fraction of 1 per cent ofysugar in the
beet above the minimum. The minimum price and the minimum
quality of the root agreed upon differ in ditferent localities, but are
definitely stated in the contract. The rate of inerease also varies in
different localities: for example, one sugar company may agree to
pay a minimum price of $5 per ton for beets testing 12 per cent
sugar, while another company may agree to pay a minimum price of
$6 per ton for a minimum of 14 per cent sugar content. They may
also agree to Increase the price 25 cents or 334 cents per ton for each
per cent of sugar above the minimum.

The price scale for beets, based upon the market price of sugar,
was in use in several localities for the first time in 1917. Since that
date the price of sugar has played an important part in the price of
heet roots in all sugar-beetoareas. In these contracts the price of
sugar at a oiven time anil for a definite stated period is taken as the
hasis. If theprice of sugar at the place and for the time specified
is $6 per hundred; for example, the price paid for the l)e.ets will be
%G per tom or 87 per ton, as may be agreed upon and specified in the
contraet.  Bsually a minimum price to be paid for the roots is stated
in the eontract with a stated increase for each unit of increase in the
price of sugar. This \.\'oul(l 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 th(" price nf sugar is low.

Profit sharing.—In the 1)1:oﬁt-sllz11'111g' contract the grower is guar-
anteed a fixed minimum price for beets, the sugar companies to ac-
cept & minimum price for sugar, which presumably will give the
orower and the sugar company approximately the same profit per
ton of beets. It is further agreed that all profits in excess of the
amounts above mentioned shall be divided equally between the
orower and the sugar company. In areas where this contract or the
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shiding scale coptr:llct is offered the grower, a flat-rate contract is
a1 ‘ 8 1 wqiredl. :
3 ;}i;]c)k(l)fng(zlfl Ltlw important factors in ]1:1.ndling' sugar l)o(‘,t; lg
that of tare, and it forms an important ('.l:ms? n the.contr:}(-t. .1' .1(1,.:
consists of two distinct p:u'.ts, one of which is the. dirt j\'111(~11 C ?mi_.‘
to the beet roots when delivered, and the other is the part of the
crown that is sometimes left on the beet when the beet
Tare is obtained by tnking-:l sample from a load 01’. be .
ing it carefully. The dirt is then removed from this sample, usu:nll:\
by means of a stiff brush, and the beets, if not properly .toppe(l.r:‘nc
correctly topped and the cleaned, topped roots again weighed. The
difference between the original welght of the sample and the,elean,
properly topped beets is the tare. This 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 that oive a

direct reading of the percentage of tare for each _sample as it 1is
weighed.

is topped.
ets and weigh-

AREA COMPETITION,

Competition for acreage between
by different sugar companies m
beet-sugar industry as a whol
be beneficial to beet grow

adjacent Sugar-beet areas secured
ay or may not bhe of advantage to the
e, and consequently may or may not

ersuresiding within thege areas. If the
acreage 1n a given area is sifficient to Support two mills, for example,

the competition in securing acreage for each of these mills may, if
properly handled, stunulate the development of the industry in that
area. If, on the other hand, ar mill is established in a given

a sug
o
area having a limited sye acreage, due regqyp being had for

gar-beet

pProper crop rotationg and a second mill is built in the

the results maysbe disastrous to bhoth of the millg
Preventing th

: : and may l‘esfllt
m retal:dmg or ¢ development of the beet-sugar 1mn-
dustry‘in that locality.

In al} lines of

{4 businesg
ditions, but in the beet-

same arei,

» competition is degiy

‘ sugar industry g cep
necessary to enable o Sugar mil] tq oper

a competing mill drgys upon the heet
such an extent that the raw
satisfactory

able under certain con-
tain acreage of beets 15
ate on a profitable basifs,. It
acreage in g oiven locallﬁy to
Material is not sufficient to provide a
and profitah]e run for either of {he mills. ‘one oribol
of them MUst necessarily SUspend operationg This -es.ult must lead
.tO dli“l;l)‘onﬁment. and financig) loss on the .p‘lrt osf 1th()Se who have
rested 1 AT ; : s A
;Illlzgar-beegl 1);((:(;:@]38’ and it depriveg the growers of the benefits ©

. ~ . 18
necessarily leave t ¥ lllasmu(h as the closing of the mills ™!
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. S‘.'z‘—’.'ill'-l)eet producing areas may sometimes be extended by bring-
ing in lands not previously under cultivation, by the development or
extension of suitable means of irrigation. or by instituting or extend-
ing a suitable drainage system which will reclaim lands not now
llll(].(Jl' cultivation. In this manner areas that are now capable of sup-
plying but one mill with raw material may eventually be made to
Sllp.pl.\' two or more mills. In all cases the necessary acreage for the
maintenance of a mill should be in sight, without injury to existing
n.li]ls or to local growers, before any money is expended in the erec-
tl.nn of another mill. If this point is kept in mind. some of the finan-
cial losses and disappointments which investors have experienced in

the past will be avoided.

SUGAR-BEET SEED.

One of the most important factors influencing beet-sugar. produc-
tion is that of seed. Not only must there be an adequate supply of
seed to plant the necessary acreage for each ‘sngar factory, but the

seed must be of high grade; that is, 1t must be capable of germinating
so that a good stand will be produced, and it must be capable of pro-
The present varieties

ducing beets of satisfactory yield and quahity.
of sugar-beet seed are apparently very much mixed,.as indicated by

commercial fields in all parts of the beet area. ILfforts are being
made at each of the beet-seéd stations of the Office of Sugar-Plant
Investigations to produce distinet strains of sugar beets of high
quality for commercial planting. An endeavor is being made to in-
crease the yield and quality of the seed and to establish an American
beet-seed industry capable of meeting all domestic requirements.
Imported seed=Until within recent years practically all sugar-
beet seed planted in the United States was imported from Europe.
This imported seed consisted of more than 20 so.-ca]led varieties,
many_6f these varieties being simply strains bearing the name of
the growers or the locality where the seed was produced. There ap-
pears to be little difference in results between the varieties imported.

More seems to depend upon coil and climatic conditions and the cul-
tural methods used in growing the crop than upon the particular

variety of seed used.
ars efforts have been made to

Home-qgrown seed—In recent ye
produce American strains of sugar-beet seed and to produce them
ountrv. In 1917 about 5.000 acres

in commercial quantities in this ¢

of boet seed were grown; yielding about 55.000 sacks of seed, and a
still larger crop of American-grown seed has been produced with
Tn 1920 about one-third of the sugar-beet seed
as produced in the United States.

tion, we must continue for some

each succeeding year.
required by American growers w
Even with an increased home produc
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time to look to foreign countries for a considerable part of our
beet-seed supply. To make our beet-sugar industry safe and to insure
American growers of sugar beets an adequate supply of high-grade
seed free from the seed of stock beets we should prodiice annually
from 16,000 to 20.000 acres of beet seed. This acr age must neces-
sarily be increased from year to year to care for the constantly in-
creasing acreage of sugar beets if the Americ '

_ ' an beet-sugar industry
1s to be made safe and permanent.
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