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TecexicaL Burieriv No. 416 Marca 1934

UNITED STATES DEPARTMENT OF AGRICULTURE
WASEINGTON, D.C.

EXPERIMENTS IN GROWNG ROOTS AS
FEED CROPS

By H. L. WESTOVELR, senior agronomist, and H. A, ScHoTH, gsseciale agronomist,
Division of Farage Crops and Discases, Bureau of Plant I nelusiry

The Bureaw of Plant Industry in Cooperation with the Agricultural
Experiment Stations of Kansas, Oregon, Montana, and Nor.h Dakota
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INTRODUCTION !

Since 1920 the Division of Forage Crops and Diseases, in coopera-
tion with the Division of Dry Land Agriculture and several State
experiment stations located in the northern part of the United States,
has been conducting tasts with sugar beets, mangels, rutabegas,
turnips, and carrots grown as feed crops. These tests have had as
objectives:

{1) A determination of the possibilities of obtaining profitable
yields; (2) comparison of productiveness of the different varieties
under various soil and climatic conditions; and {(3) consideration of
-bhe vwalue of root crops as compnred with corn silage as & source of

»succulence for feeding catitle.

In most cases it is believed that the tests have been of sufficient
durstion to give a true indication of the possibilities of these root
crops. Since general cultural and feeding recommendations have been
fully covered in Farmers’ Bulletin 1699,2 these pheses will not be
discussed hero, but the practices in conducting the tests at the various
experiment stations will be briefly described.

! The writers acknowledpe data furnished and copperistlon {vnn ab varfotts tmes by D, A, Bovags,
Hays, ¥nos., Morgen W. Evoes, Morth Ridgovilie, OQiilo, A, . Enpbrotson, Astoris, Oreg,, Robort Withy-
comire, Tnign, Oreg., Qeorge W. Morgan and M. A, Bull, Havre, AMopnt,, L J. Jeuson, N. ¥, Woodward,
and Haorold E. Towor, Macensin, Mont., John ‘P, Sarvis, Mandan, N.Daic., Laroy Moomaw, Dickinson,
N.Dai., Sammnal Qorver, Hedfald, S.Duic., und Ray B, Towle, Sheridan, Wyo,

$ Westover, H, L., SceoTa, H. A, nod Bexris, A, T, GROWING ROOT CROTS FOR LivEarock. 1.8,
Dispt, Agr, Farmers’ Bull, 1080, 13 pp., Ulus., 1633,

8342234
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CLIMATIC RELATIONS

As previous experience has shown that margels, rutabagas, turnips,
and caxrots require relatively cool weather for satisfactory growth,
the tests reported in this bulletin have been conducted in the northern
half of the United Stetes. Productivity is also closely correlated with
available moisture, and for this reason precipitation records of the
stations where the tests were located are presented in table 1. Sinee
there is no Weather Bureau station at Norih Ridgeville, Ohio, date |
are given for Oberlin, about 10 miles distant. :

TasrLe 1.—dnnual and average precipilalion (in inches) al stations nuwmed for
period covered by root-crop experiments ’

§Data obtnined st stations whoso incations are here marked with an usterisk {*) are from the recerds of the
.9, Wonthor Barosu; i the locations aro marked witl s damger (1) Lbe data ure {rotn tho records of the
Divistan of Ganetics sbd Blophysics of the Barean of Plani Industry)

!
Btations 110% 1024 | 1922 | 1925 i 1924 | 1925 | 1626 | 1927
! 9

Aver
nge

Redilakt, B.Dpk.* .. 22,48 2!).9:5‘ 16, 49| 2 81 1447 13.00] 206,70 15 L1993, 78| 18,86
Havra, Momt.f.... . 110000 18, 070 10, 20t pa g 12,500 1. 84]) 8wk 10,04 . 2,80 . B 3 12,51
Moeensin, Mont.f...l 15.36) 16. 4 i.‘:.:iﬁi 18,58 1214 13 00 14 7o 38,03 12, N 2 L Fil 14,38
Digkipson, N.DPalk{.; 15 14,70 18,2 10, &7, 15, B 12 13 110 10,82 L =4 I A L 17| 16,00
Maondng, N.Dek.t 12 15,230 12, 35] 14.41) 16,25 . 14, 5if 2 30 22 B

Hays, Enns.*. 1, 2| 18, 468} 18, O8] 27, 10] 1460 B3 16 480 27, i
Sheridau, Wy N 1 0y 17,493, 24, 18] 13,098 1 DR R A

Qberlin, Olio® . 47 10] 2L 1h 45 67 4245 85, A0, 0 37,15 30,7
Corvallis, Oreg.*.. 37,12 40,08 98.45) 4w 07 97, S?}: BT 40,041 47. B7| 39,

Astorin, Orep, . -aaaal {13, B4 56, 40] 67. 08 62, | H0.67
Unlon, Oreg.®_. . __-. l-i,?Ui Bl 17 400 443 1101 15.881- 3§, 1§]

In gencral, the root crops tested yielded best at those stalions
receiving the highest sannual precipitation. Where the ruins have
occurced at opportune times, however, some remarkably satisiactory
yields have been obtained at stations having e relatively low rainfsll.

EXPERIMENTS AT HAYS, EANS.

The tests with root crops at the Fort Hays Branch Station, State .
Agricultural Experiment Station, Hays, Kans., have been under way
only 4 yesrs. The data are given in table 2. The 1929, 1930, and
1932 seedings were on fallow and the 1931 seedings on land that had
been in roob crops the previous year. Seedings have been made
eatly in Msy in 42-inch rows with & gramn drill’ with & press-wheel
attachment. About 10 days or 2 weeks after emergence the plants |
svere thinned. Mangels have been spaced 15 to 24 inches, rutabagss
12 to 18 inches, turnips 15 to 20 inches, and carrots 13 fo 20 inches.
As shown in table 1, the annual average precipitation at Hays, Kans.,
for the years 1920-31, inclusive, was 22.88 inches.
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Tasur 2.-—Annucl and average acre ¥ields of ool crope ai the Fort Hays Branch
Stasion, State Agriculiural Euperiment Stotion, Hays, Kans., 1929-32

T'ops, green walght Roots Yiolda of
ror |n
Orop and varioty Smpatison
1920 | 130 | 10311 1052 | AYO"] 195 | 1930 | 10311 1022 Aver! math Long
B E® | Red manget
Com-
para-
ble | Per-
Muangels: ) Tons| Tons| Tons! Tona| Tane| Tors| Tone!| Tona| Tons Tons| years | cent
Mammoth Long Red....] 2.82 2,04 1.05 6.3 344 12 B3| 11.44) 8,34| 25,67 1 4 20,0
Danish Bludstrop.__ - S.08 2.000 1,08 A2v A3.08 13.24 12,11 7. 89 19, 53{ 13. 1% 4 906
Qlant Bed Eckendaor - L2 185 .03 272 1.s6f 13.23 1143 9, 27] 1h. 00 11,7t 4 80 G
Golden Tankerd_ ... - A2 OGS LEE 460 23W 455 T.TT 445 16,35) 0.2 4 1.7
Rutsbufus:
or. | 3.80) 4.1¢ 1.44 ? 3180 6.TH 419 185 {n 431 3 106
2.0 450 Loem| ¢f 2,200 427 4.07) 1,03 1} a3 3l o
00 238 L3 ) | L& am a7y 27 o) | e 3] sZe
Purpie Top Btrap-leaved.| 2.0 {lg (lg ______ 201 4. 04 E’) 1,17 2.8t 2 247
ci’urpla’rupwmtumubc_ 1B {2 e L.52 3.44 (1) 1.2 2.34 oot
arrols;
Ox-heart ... _..____.___ 1. 28] E‘g | PR 1,180 3.35 E‘g 20 | 278 2 281
YLong Ornnge...oooo. .| L2 { 37’ ______ 1.050 2.54) £ L8] 247 2 2.4

1 All root erops wars badly domaged by army worrs.

¥ Yleids ool reported.  Badly domoged by Beat and root rot. Nat included in averages.
! Bodly damuged by fea, drought, nud ront rab.  Nol ineluded {n avgrapes.

1 Destroyed by rabbits.,  Not included in Averayes.

The average yields indicate that with the exception of mangels
Yoot crops have little promise in western Kansas. The high suramer
temperatures are unfaverable for turnips, especially when sown in
the spring.  Jack rabbits are very likely to destroy carrots unless the
crop is fenced, though a large ncreage might rninimize this irouble.
Rutabegas stund summer heat better than turnips but in the average
season are not very productive. Mangels are the only roots that
have produced a greater tonnage of succulence than sorghum silage.
Muammoth Long Red mangels gave a 4-year average vield of 14.58
tons as compared with 9.45 tons per acre of Esrly Sumac sorgo, but
much more labor was involved i growing the mangels. In most
cases weights were also obtained of the tops, which constituted the
following percentages of the total weights of the various roots:
Mangels, about 20 pereent; rutabagas, 35 Yo 40 percent; carrots, ap-
proximately 30 percent; and turnips 40 percent.

EXPERIMENTS AT HAYRE, MONT,

The experiments with root erops under dry-land conditions at the
Northern Montana Branch Station, State Agricultural Experiment
Station, Havre, Mont., have been carried on continuously since 1920,
The seedings were made on summer-fallow, the land usually being
spring-tooth haxrowed as early as conditions permitted, to encourage
germnation of the weed seeds, Russian-thistles in particular, so that
many of the weeds, which Inter might become troublesome, could be
destroyed by a thorough shallow cultivation Jjust before seeding. In
the early years of this experiment the seed was sown with a grain
drill, but more recently a beet drill has been used. The seed usuall
was sown in 36-inch rows early in May, although in about one haif
of the years reseeding was necessary on account of uneven emergence

resulting from soil erusting following a dashing shower, or from too
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-dry weather after seeding. Insect damage also contributed to the
injury of stands at emergence, necessitating reseeding. After the
plants attained sufficient size they were blocked out with & hoe and
thinned by hsnd to singie plants 8 to 10 inches apart. The roots
were harvested, usually between October 1 and October 15, e beet
lifter being used to lcosen them. Mangels, especially the Golden
Tenkard variety, were much more ensily removed from the greund
than sugar beets. Yields secured from these crops during the years
1920-32, inclusive, are given in table 3.

‘TaBLE 3.—sdnnual and average acre yiclds of rool crops af the Novihern Meoniana
Branch Staiion, State Agricultural Eoperiment Station, Havre, Mont., 1870-32

Crop and varlety 1522 1028

Tona
Bugar beets 3 N . &0 &) - 3.80

Mangala:
Mammoib Long T . g X Eii . X 6.71

. 3 3 L
Danish Sindstrup. . E’
Qisnt Red Eckendorf. 3

Rutobogas:

Amercen Purplos Tep. . . g
Carter Hnrdy Swede_ . .
Hutst Monarch . 1}

Tun}:)l S:l Top Birap-l d L

urple Top Bitap-lenve 3
Purple Top White Globa_ 8

Carrots:
Mastodon
Long Orange

5.22

Yinkds in com-
parison with
Memmaoth
Long Red
mengel

Crop and varlety

Cam~
parable

#
[

Bngar beats.
Maongeis:
Mammoth Lopg Red
Qolden Toenkard
Dapish Sludstrop, )
Glent Red Eckendor!. a2 1
Ratabagos:
Amerlenn Parple Tep.
Carter Hardy Swede.
Hurst Mongreh.
Turnlps:
Purple Top Birap-leaved
Purple Top Whlie Qiobe
Carmols:
Mastadon
Long Orange.

& u3ER

28z

23 28

D R T Te BT

1 Averaps of soveral variaties.
1Deatroyed by fuseets, Mot ineluded In averppes.
#Desiroyed by Jack rabblta, Noi included ip sverapes.

_These yields are satisfactory considering the low annual precipita-
tion, which averaged only 12.72 inches during the years covered by
the test. Yields, compared with many cther dry-land crops, were |
especially good in the drier seasons of 1922, 1926, 1929, and 1930,
Results in the-extremei{ advsrse year of 1931, however, were unsatis-

factory, due partly to lack of moisture reserve in the fallowed land
on which the roots were planted.
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Mangels, with averages ranging from 6.836 to 7.90 tons per acre,
produced the highest average yield of the roots tested, refurning &
considerably greater tonnage of succulent feed than corn or sun-
flowers, the green weight of which averaged only 3.13 and 3.81 tons
per acre, respectively, during 11 yours of the period 1920-32 when
yield data were obtained.

Sugar beets, rutabagas, and turnips were considerably less produc-
tive then mangels. The lowest yields were obtained from carrots
. which wert destroyed by jack rabbits in nearly one half of the seasons.

Weights of tops, obtained in mos$ sensons, showed o wide variation
from year o year in relation to the total weight. As a rule, mangel
tops_constituted 25 to 30 percent of the tote] weight, with extremes
of & little more than 10 $o about 50 percent. In the case of rutabsgas
and turnips, the proportion of tops to total weight averaged approxi-
mately 35 percent, with extreme variations even greater than in the
case of mangels.

EXPERIMENTS AT MOCCASIN, MONT,

The experiments with root crops at the Judith Basin Branch
Station, State Agricultural Experiment Station, Moccasin, Mont.,
began in 1920 and continuved until 19289, covering a period of 0 years.
The average annual precipitation for the years 1920-31 amounted
to 14.39 inches. The seed was generally sown on land that was
fallowed the previous sumnmer and which was prepared in the early
spring by cultivating with a spring-tooth harrow or duck-foot cultiva-
tor and finished with a smoothing harrow. The seeding was made in
36-inch rows early in May with & hand drill. The roots were har-
vested after the first killing frost. Annual as well as average yields
obtained in these tests ave given in table 4.

TaBLE 4.—dnnual and average acre yiclds of root crops at the Judith Basin Branch
Station, Slate Agricultural Bxperiment Station, Moceasin, Mont., 1980-89, inclusive

Yields [k.com-
Av- | parlson wlth
Orop and varisty 1020 1921 {1922 | 1923 | 1024 [ 1005} 1926 ] 1927 { 1028 11620 or- | Memimoth
age | Loop Red
mangel
Com-
Phe
e .
Tons| Tons| Tons| Tensl Tons| Tons| Tone| Tons| Tora| Tons| Tona| vears | Pereené
%{uggrdbonm .......... 0.72) 6.200) 377 &80 .73 {4 ¢ {0 (B | 507 & i A+
BOERS,
Mammoth Long Red..._| 3.36) 0.74| .98)31.30 4.08) 5.17| .24 ¢ | 2.32] 80 517 9 1600
Guolden Tonkard ... ___._ 3271 .19 1.03] 8.08| 4.24| 4. 02| 6. 13| lg slg LB2) 4,41 8| 84.7
Tranish Slpdstrup. .. 2.2 .68 (52NZO6| 3 75 3.88 9.78] [ ! ) | 4.7 i L1
B t(}gsnt Rod Eckender!....| (% | (0 LOI|12. 88 5. 46) 4. TREZ. 00| (B | 8.27] 1.10] 6,17 71072
utsbagas:
American Puarple Top. .| 2.80 1.561| 2. 91|11, 8%| 5. 80| 5.40| 0. 3812 81| 9. 57} 1. 68] 5. 27 o 108.4
Carter Hardy Swods. .| 2.31] 1.88] 1. 38! 0.87] 4.88{ 2,67 5. 28] (0 | (D) (l; 4, 81 7 83,4
P 'Hlursl Monateh e oo | 506] 1. 57| 3. 55(13.31] 8 04] 3. 00) 6.30] 4.80] 6.727) {8 | 5.72] B 108.4
‘urn!ps:
o PurplaTop Btrap-lenvad.! ) | ) [ {1 | o540 7.18] 4. 63 3. 68lizav! &, 08 1,02 7,01 g 81,8
BITOLS:
Long Orange . oce.o.__ A7 .22 (3; 4. 18] . 43| 2 83) 2.07 E’) LAT| (0 197 ki 82.4
MestedOn . e e aee L43] .42) (% | 0LBZ) (08 3.03) 4. (5 | .85 (D | 287 ki 47.2

| Ko sead sown; nol conshderod [o svotupes.
* Dastroyed by rabhits aud insects; nob considered in averages.
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A striking fact brought out by these data is the small difference
in the average yields of mangels, rutabsgas, and turnips, The
yields are not sufficient to offer much encouragement to the produe-
tion of root crops on = large seale, since the indications are thet
nearly as much suceulence can be obteined from silage corn at con-
siderably less expense. Jack rabbits destroyed the carrots on several
occasions, and the average yields were too low to recommend the erop
to the farmer,

This is the only dry-land station where higher average ylelds were
obtained from rutabagas than from mangels. During the period
1920-26, the only years for which comparable date sre available, the
green weights obtained from corn and sunflowers sveraged 3.70 tons
and 4.53 tons, respectively, as compared with an average yield of 7.01
tons from the Purple Top Strap-leaved turnip, the highest-vielding
root crop. Much more difficulty, however, has been encountered
in obtaining satisfactory stands of the roots.

EXPERIMENTS AT DICKINSON, N.DAK.

The tests with root crops at the Dickinson substation, State Agri-
cultural Experiment Station, Dickinson, N.Dsak., have been carried
on continucusly since 1920 to determine their possibilities as o source
of feed for cattle in this locality. The seed usually was sown on
summer fallow or following & cultivated crop, such us corn or potatoes,
the land being cnltivated 1n the early spring with & disk or duck-foot
harrow to induce germination of the weed seeds. Just before seeding
the root crops, the weeds were destroyed with g spring-tooth or spile-
footh harrow. The seed was sown 1a 36~ or 42-inch rows carly in
May with a hand drill. In o month or 6 weeks the rows were blocked
out with & hoe and then thinned by hand to single plants, carrots
being spaced 6 inches and mangels 8 to 12 inches. The average
annual precipitation for the years 1920-31 amounted to 1§ inches.

- The yields as given in table & are not large, but certain roois could
ke produced to advantage if it were not for the hand Jabor involved.
Mangels generally gove somewhat better yields than sugar beets,
rutabagas, or turnips. -Cerrots were the lesst productive, but they
have possibilities as a crop for human consumption locally, because
with favorahle soil and moisture conditions, the income from carrots
i likely to be grester than from almost any other root or garden crop,
Corn fer silage, although producing no more succulence per nere, ean
be grown niuch more easily and cheaply. For the small farmer,
however, who cannot afferd a silo, root crops would appear tohave
possibilities even under these conditions.
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TabLr 5.—Annucl and average acre yields of root crops al the Dickinson Substation,
Stale Agricullural Experiment Stalion, Dickinson, N.Dak., 1920-81

Crop and variety : 1921 1923 1001 1426

Tons
Bogat beels. 3 10
Mangais:
Meaminoth Long Red.
Qolden Tankard._ ..
Dpnish Sludstrup.. .-
Cipnt Red Eei iozf
Rutabapos:
Anmericen Purple Tep
Onrter Hardy Swede____
Hurst Moperch
Turoips:
Purpls Top Stm[p-lunved._
Purple Top Whits Alabe
Carrots:

I,Qn‘g Oranpe.
Masyndon (white)
Ox-beart

282 A«

88

"~
-:»ig

L s 1IN W

=7 Las 7
O =T

Yields In comparison
Crop and varicty Averape with® Muammgth
Loag Red moapal

Compard-
ide yeava }  Pereenwt!

Sugar heels [t} LR
Mangels:

Mammath Long Red

Goldes Tenkard. .

Danish Sludstrep. .

Qinnt Red Eckondorl
Rutabages:

Amerlean Purple Top. ... ..

Carler Hardy 3wede -

Burst Monareh_______.___
Turnips:

Purpie Top Strap-Jonved ...

Purpio Top White Qlobe. .
Qarrots:

-
o,
1

]
160, ¢

Saog

AR --]
e 03 B
"-l»ha‘w

TR v ge gl
borc Il

EEN Bee

=
L
=

wrey La b b
f- g ]
el

=1
28

gngn
bich>3
mes ow

HEIR

£ =,
3uy
=1 Gad Luf
ICAED
B 2 b
R

[y

OX-BOBTL m e ecmmme e meme mm e o]

1 Btand falled; mob included 1n averages.
Mo seed sown; not ineduded In gverupes.

RXPERIMENTS AT MANDAN, N.DAK.

Hoot erops were tested in g limited way at the United[StatesiNorth-
ern Great Plains Field Station, Mandan, N.Dak., for seversl years,
the results being given in tuble 6. In the majority of seasons the
yielde were relatively low, owing to poor stands resuliing from
unfaverable weather &t & critical time or to & moisture deficieney later
in the seagon. As shown in table 1, tho average annual preciprtation
from 1920 to 1931, inclusive, was 15.64 inches, In reasonably
favorable seasons, such as occurred in 1922 and 1927, the yields of
mangels especially were very satisfactory, exceeding that of corn
grown for silage. While mangels produced a greater average tonnage
for the 4 years 1922, 1923, 1926, and 1927, corn silage is a more
dependable sourcoe of sueculence, since less difficulty is encountered in
obtaining and mainteining » stend. In 3 of the 7 years included in
the test no harvest of mangels was obtained, owing to failure to obtain
stands in 1928 and 1929 and to a freeze in 1925, while fair yields of
silage coim were obtained in esch of these yenrs, Furthermore, much
less Iabor is involved in growing corn,
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TaBLe 6.—Annual end average acre yields of rool crops ef the United States Northern
Greal Plains Ficld Station, Mandan, N.Dak.

¥ields ln com-

Crop eud varlety ﬁﬁ”ﬁfﬁng

Red mangal

Com-
parael ¢
Tanx Tona | Tone! Tone | Tons| Tons | pears | Pereeni
Bugar beets. veo| 406 1,19 [ B.40 | (%} O] 4.24 4 5.2
Meanpels:

Mammoth Loog Red 1200 | 2.06 | L.O4 |18.54 1 (%) oy B.29

4 4 1. &

Cipldon Tankard Lep(L78 ] (0 { B B.33 2 0.2
4
4

Rutabnmns:
Carter Hardy Bweds 7.05 11.30 ) 2.85 |10.25 | 7.06 | 3.78 5,41
Turnips:
Turpls Top Btrap-leaved 3150 0.75|9.00 | B.70 | 8,71 4,97

65,3
o0, 0

i Doss pot inelude 1524, when no root creps were sown, nnd 1925, when all were killed by o freeze Moy 16,
1 Mo stand oblulned; not-sonsidersd o averages.

EXPERIMENTS AT NORTH RIDGEVILLE, OHIO

The fornge-crop field experiments at North Ridgeville, Ohio,
have included a limited number of root crops each year since 1926, the
vields being given in table 7. With the more favorable soil and
ciimatic conditions, the annual precipitation amounting to about 36
inches & year &t Oberlin ahout 10 miles distant, the aversge produe-
tion has been considerably in excess of that obtained under the drier
conditions in the northern Great Plains, but not equal to the yields
obtained from the nearly ideal conditions found in some parts of the
Pacifie Northwest, As iz generally the cese, mengels have been
much more productive than turnips and rutabagas. The average
tonnage is also considerably greater than is usually obtained from
gilage corn in this locality., The Mastodon variety of carrots has
given some remarkable yields, the average for a period of years being
nearly equal to that of mangels.

TaBLE 7.—Annual and average acre yields of rool crops al North Ridgeville, Ohio

Yielgs in efug-
Crep and variety Aﬂvéear- Mpnr o;lmw I}o -
Red.mangel

Cam-
parable
pearr | Pereend
Bugnr bests 5 521
Mangals:
Mrmmoth Long Red
Qolden Tankard

T

Broips:
Purple Top Strap-loaved. .. |
CuarTots:

Qi th thTa WO

! No seeding.
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EXPERIMENTS AT ASTORIA, OREG.

Experiments with mangels, rutabagas, and turnips at the John
Jacob Astor Branch Station, State Agricultural IExperiment Station,
Astoria, Oreg., have been in progress since 1923. The average annual
precipitation at this station for the years 1920-31 amounted to 72.06
mches. The yields as given in tables 8 and 9 do not always represent
a true comparison of tge productivity of the different kinds of roots,
owing to the fact that they were sometimes grown under quite different
sol] conditions and have not always received the same fertilizer treat-
ment. Manure has been applied to all crops at the approximate rate
of 20 tons per acre. In addition, mangels usually have bad an spphi-
cation consisting of 100 pounds of ammonium sulphate, 200 pounds of
superph05£hn,te, 100 pounds of bone meal, and 150 pounds of potas-
sium eulphate. Rutabagas snd furnips were given 460 pounds of
superphosphate por acre 1n addition to the manure until 1928, when
they received 2 tons of lime and 300 pounds of superphosphate per acre
with the usual application of manure. Mangels were grown on
tideland, from 1924 to 1928, inclusive, whils rutabagas and turnips
were grown on the upland in 1923, 1924, and 1925; on both tideland
and upland in 1926 and 1927; and on tideland only from 1928 fo 1932,
inclumve. In 1928 the stand of mangels was reduced 20 to 50 percent
by cold weather after the seeds had germinated, thus affecting the
yields appreciably.

TasLe B.—Annual and average acre yiclds of root crafs grown an tideland al the
Jokn Jacob Adstor Branch Station, Staie Agricutlural Ezperiment Slation,
Astorin, Oreg.

Yields In
i Aver- eomperizon
Crop and varigty ¥A24 | 1025 | 1626 § 1027 | 1028 | 1020 | 1030 | 1931 | 1082750 with Maim.
E® | moth Lon
Red man,
Com-
Pt
]
Tona | Tona | Tona| Tone | Tone | Tone | Tona| Tone | Towr | Tonsx | years | Pereeni
%{ugu Iireats .............. 15,180 6.20) 12.40) 6.40 ﬁ.ml E.68) 5| 4.9

BOESI5:

. Mammoth Long Red.| 18 30} 20. 3% 18. 75 25 20f 21.00, 20,71 5 100.0
Golden Toeokard. .. .. 15 62) 21. 75} 18, 50| 18, 70, | 18. 39| 4 8a. 1
Danish Biudstrup. ... 23,05 24, 300 16, 70 25 00) 25,30 __ .77 8 LT
Glant' Red Ecken- |

[+ 1+ o S 2], 88( 14, 14f 21, 70| 26.35 M. | 20.01] 5 o6
Pritewioner. ____.___| 2416 27.26, 15.00, 28.45) 20.80, 24,79 5 14
Glaot Half Bufnr. - 18, 1] 24, 16| 21,00 17, 00 20, 5 1pL4
Red Intermediate___ | 19.15] 16. 42] 1616 28.80) 15.25 19, 35 5 a4
Harre Bludstrup. . 23,13 21, 167 20, 50| ZL.81 H 7.6

Rutabagns:
Bkirving Improved Py B7. 75| 32.62( 21. 25 30.00; 36. 45 27. 8. 42 95 34. 23 3 1504
Muagnem Booum. - 47,15 34, 00) 32,42 34. 50) 37, 10 3055! 40. 00| 34, 66 3 1m.9
Hurst Menarch 40.00| 31.45) 32 37| 34.70| 37.50; 33.10, 33,14 35,31 3 15B.9
Acquisition .. 41. 86| 27, 50] 40,35 35. 35 3585 28, 65 34,07 33. 08| 3 168.9
Americon Purpls Top 31, 25! 80.25) 34. 65 35, 25| mmacfmmnnns 33. 00| 2 1344
Tmproved American
urple To 31, 25| 28, 07| 38.95( 36,20 42.2% 35 M o 140.2
Bangholm Glant . o |oceano|eaaa. 33.85 88,00 27. 60, 37,00 33. 84 1 161.2
Up-to-Data___ 20, 26 27. 04 20.10] 48. 15( 33. 36| 20 1301
- Glrem} Top.. 37.85) 31.05) 3L.05)----__ RPN I 1 1. N 33,00 3 151
'urplps:
Imperiel Green Globe .| .84 32.55 40.95 27.10( 40.80| 53. 70 36, 20 2 12L&
Cowhern, 31,10 31,44 63,001 3L.15| 41.00] 62, 80| 42, 68 2 13%4
Dantsh Bortfeld.. .. .-.| 3135 32.30) 53.50) 42,35 45.10( 40. 45/ 42, 34 2 197.8
CGreen Tod Aber- Q‘J
[T T 31.06) 41,00 34, 10 42. 45] 36. 50| 37. 37| 11 15L.9
Pomeranian  White
b6 - .- 24, 30| 53, 400 31, 00{ 48. 5| 52 70| 43.31 1 04.8

I Yielda Include {opa,
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TasrLe 9—Annual and average gere yiclds of rutabagas and lurnips grewn on
uplands af the John Jacob Aster Branch Station, Slate Agricultural Ezperiment
Slation, Astoria, Oreg,

Yields in com-
émrison with
kirving Im-
proved rutabags

Crop ond variety

Cot-
porable
Rutabagas: years | Sercent
Bkirving Improved. .. 20.00 iy - 100,
Magnum Bopura.
Hurst Monnreb...
American Purple To
Improved American Purpie Top.
‘Banghelm {3lani.
Champlon
Acquisition.
Up-to-Date,
Crimson King
Qreen Top

Turpips:! .
Imperizl GQreco Globe
Qreen Top Aherdesn_. .
Hardy Qresn Hound
Cowhoern .
Pomerasisn White Globe. .

3 el G £ad 05 Bl Sad ol e LI N

[T Y

t Welghts piven fnclude roots and tops,

Yields of mangels and rutabagas as given in the tables are of roots
only, while the turnip yields include roots and tops. Turnips are
usually fed without topping, since the tops are regarded as being
nearly equal to the roots for feeding. Mangels were not included in
the upland fests, but on tideland both turnips and rutebagss were
mere productive. When allowance is made for weight ol tops,
rutabagas as an average exceeded turnips in tonnage. No striking
or consistent differences in productivity of the different varicties is
apparent. Both rutabagas and turnips gave much higher yields on
tideland than on upland.

In 1923 weights were obtained of mangel tops, and they were found
to eonstitute 20 to 35 pereent of the fotal weight, depending upon the
varisty, the average for sll varieties being about 30 percent.

Root crops produced n considerably greater tonnage than was
obtained from oat-and-pes silage, which amounted to from 7 to 9 tous

per acre,
EXPERIMENTS AT CORVALLIS, OREG.

The reot-crop experiments at the State Agricultural Experiment
Station, Corvallis, Oreg., have included sugar beets and several
varieties of mangels. Rutabagas, turnips, and carrots were not
included, ss previous experience had shown rather definitely that
turnips and rutabagas are of little value in the Willamette Valley
because of root maggot, while carrots do not produce sufficient tonnage
to compete with mangels as feed for livestock. The tests were con-
ducted on & clay-lonm soil that was manured before plowing for root
crops. The seed usually was sown early in May and the plants
thinned by hand when the fourth leaf appeared. The erop was
us}t;f.lly hervested in October. The yields from this test are given in
table 10.




EXPERIMENTS IN GROWING ROOTS AS FEED CROPS i1

TanLe 10.—Annual and average acre yiclds of rogl crops al the Stale Agricultural
Experiment Station, Corvallis, Orep., 1828-32

Crop and rarlety 1522 1923 1924 1925 165 1627 1028
Tons | Tons | Tone | Tone | Tona | Tonz | Tonx
Augar beets.._ . . . 0.20 ] 11.40 007 1.28 0. 78,
Mangals:
Mummolh Long Red.. oo 21,38 | 1240 17,08 | 1428 1501 14,57 10.11
Half Buparo - cooeeeees Lo o EROeS 13200 1523 | iT.00| 1322 2038 19, 14

Golden Tankard.__. - 1723 .05 14357 1262 13.687 ) 1805 14,22
Danlsh Bludsbenp oo . . X 15.74

Rod Eckendorf, X

Red Tuterinodinte. __
Barre Sludstrup
Heavy Cropper. ..

Prize \WWinper._..-

Yellow Eckondor. 13,48 17.70
Yellow Qlobo._ .. DEA T, [ I, IR
Kirscho Tdeal _______ 1L75 | 168,560 JER
Yeliow Intermedinte. . RN TR 15, 64
Qlant Intarmedindo .. ool 21, . . 4 RPN ER I
] Yields {n com-

Avar- parison with

Crop amd varlely 1930 1930 1831 1932 2 A Mammoth
L Long Rod
mangel
Com-
parable

Tons | yeary | Percent

BURAr Deels o o oo e e h e .5 8.E1 a2 606
Manpels:

Muamunoeth Loy Roed s 14, 8¢ n 100.
Orlf Supar. ceeaeees . 3 3, X 1i, 26 11 8. 7
Qoldan Tantned__ 13.27 11 Ba. 7
Panish Siudslrup. . . 3 o 14.57 11 7.4
Red Eckendoif.__.__ 3 B 2 . 13.48 i LT
Tet Fotermedinto. a4 13.87 & 955
Barre Sludsirup. .. 14.00 7 8.6
Heavy Cropper. 1463 7 4.3
Prize Winnep.._. 14.0% 4 107
Yellow Eckendo 12,82 4 a1
Yellow Globo. .. 14,13 4 101. 2
Kirscho Idealo - 12,37 4 0.8
Yellow Intermpdinie. o 12 50 4 03.8
New Porfect Gemn Inlerinediste . 11. 90 a 25,1
Tord Worden . . covemumvivcnean . 13. 3L i B w059
LT Tr 17 6007 ST TR Y L OO ISP O S I 15.28 § 4 §0,1

Although there was some variation in production from year to year,
the annual yiclds as well as the average of nearly all varieties of man~
gels were consistently good and considerably in excess of sugar beats.

Ne silage-crop dala are available for the period covered by this
test. During the yenrs 1927-32 drilled eorn, spaced 8 inches apart
in the row, averaged 0.58 tons per acre, which was about hal{ the
yield obtained from mangels during the same period. Sunflowers,
spaced 12 inches npart in the row, uvem{ged 13.98 tons per acre, which
was nearly equal to tha yield obtained from mangels.

EXPERIMENTS AT UNION, OREG.

Experiments with mangels wero conducted at the Eastern Oregon
Branch Station, State Agrnicultural Experiment Station, Union, Oreg.,
from 1924 to 1930 and with carrots from 1924 to 1931. In preparing
the land for these crops it was plowed to o depth of 7 inches in the
spring and worked down to a fine sced bed. Fvery other year 8 tons
per acre of stable manure were applicd. The seed was sown between
April 23 and May 25 in rows usually 18 inches apart.
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Considering the precipitation, which averaged only 12.70 inches
for 1920-31, the yields of carrots and mangels were remarkably satis-
fretory, as shown in- table 11. This is due to the fact that the soil
o: which these tests were conducted is a very fertile sandy loam,
usun)ly being subirrigated throughout the growing season. While
mangels generally were most productive, two varieties of carrots gave
vields that approximated those of most varieties of mangels In com-
parable years.

TarLe 11.—Annual and average acre yields of rool croys at the Eastern Oregon
Branch Station, Steie Agricultural Experiment Station, Union, Oreg,, 198431

Yicldsin com-
parison with
Crop nod vartety I}Inmmlgtg
.ong Re
mengel

Com-
para-
bz

Mangnls:

Memmoth Long Red.
Denish Bludstrup. ..

Giant Ted Eckendor!
Golden Tenkard

Giant Intormodiate. .

Helf Bugar. e eomaeeee
Danlab Barro
Kirsche Ideal

Danish Giant Half Bugar_..

arrots:
White Belglan...
Danvers Hall Lo

Yellow Bolglan

improved Bhort Whita
Yollow Gi | 27, 14.2(... N N .
Chantens, L0 | 2183 150 3 ] , 3 , 1] 15,59

yeqrs
¥

¢ F‘P’:L?'E“’:“F"F"g
el T L R =10 = Lot

-Ci

R g e I RS B LY ]

1 Durlng the season of 1028 the mangel crop was aeverely damaged Ly coriy top. No planting of
‘mengels was made in 1931,

EXPERIMENTS AT REDFIELD, S.DAK.

The forage-crop field experiments at Redfield, 3.Dak., included
tests with root crops each year since 1920. Seedings were made
the latter part of April or early in May with a garden drill on fall-
plowed land that was variously cropped the previcus season and
then prepared by disking and harrowing before seeding. Considerable
difficulty was encountered in obtaining satisfactory stands of sugar
beets and mangels, due to the tendency of the soil to crust. Freezes
and insects also took their toll, necessitating reseeding on several ocea-
sions. When the stands were uniform the plants were spaced about as
follows; Carrots, 4 to 6 inches; rutabagns and turnips, 8 to 10 inches;
and mangels and sugar beets, 10 to 12 inches. On the average, roots
‘were cultivated {our times during the season. They were harvested
l%y hand early in Qectober just before the ground was likely to freeze.
‘The yields obtained are given in table 12.
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TapLE 12—Annual and average acre yields of rool crops al Redfield, S.Dek.,

o

Crop sad variety 1920 1021 1922 1923 1024 1925 16251 1927
I~
Tony | Tons | Tons | Tuns | Tons | Tony | Tone | Tonz
Bugar beets_ ... oo 13,70 8. 50 5,10 6. 7.87 5.7% o 13.
Mangels:
Mammaoth Long Red 17.48 | 13,08 | 10.46 0 10.55 | 20.44 2 32,02
Golden Tankoard. . 14.22 9,63 9.08 6,67 | 12.05| 10.90 0 90, 47
Daonish Bludstrup.- 0.79( 14.20 | 10.05 | 10.23 [ 22,30 | 18,96 ¢ 25, 86
Qiant Red Eckondort. B.07| l0.68 | 2L.42| 1i.18 0 245,33
Kirsche 1denl . o[ e 16, 50 1] 05,45
Rutaboges:
American Poarple Topeao-oooooo ] 1.8 4.5 4.3 4,22 LI 1. 88 1] 11.63
Carter Hardy Bwede___. | 0.c8 2.04 3. 04 1.63 o 2,70 i] 124
T Iiu.rst Monarch . oo oo 0,27 3,5 1,87 3,40 621 185 1] 12. 4B
ucnips:
Purple Top Strap-leaved 3.8 3,35 125 £.26 3. 52 a 10.83
Purple Ten White Qloho RS RPN 4,48 080 3.86 ] 14.64
Carrots!
1onE OrapEn. e 6.3 .00 1,B8 29| B0 4] 8. 28
Mastodon ot 8,82 5. 06 2.75 3. 68 2.70 3,41 [} 10.18
Ox-heart . iL06 8.02 LTt 3.41 4.77 2.4 a B.EG
Wiite Belpion Field - 7.2
¥lolds In com-
Aver. | Darison with
Crop and vorioty 1829 1029 1930 1931 1932 | Gog Memmoth
E Lobe Red
mangel
Cam-
paras
ble
Tons | Tone | Tone | Tone | d'one | Tonx | years | Perezal
Hupar beels e ] .52 2.42 b4 2,50 541 0.15 11 41.4:
Mangpeld:
Mammoth Long Red 0.94 | 14,083 4,00 614 14,80 13 100.0
Golden Tankard. .- 145 800 1.93 2T 8.43 13 50,2
TDanizh Slndsirup.. 5.42| 13.05| J.03] 9.33| 1267 13 B3.0
Qiant Hed Eckendo 4,14 | 10.02 228 510 0.84 il 3.7
Eirseho Ideal ) 5.00 | 1..85 4,68 8.904 { 10.02 8 82.5
‘Barre Bludaliup e o] 3 4, 8.7 2.4 7.7 6.2 ] 80,7
Pedipgrend Ideal, e e 486 | 1244 3,47 6,62 6.72 4 8.7
Hutabogns:
American Purple Top 4,306 1.06 2,15 0 2,35 4.32 12 28.9
Carter Hardy Swoda. &30 .M 2,50 1] 3.48 4,38 13 2.2
Hurst Mooerch . oeeeen oo 4,28 1.21 1.87 0 L9 355 13 2.7
Turnlps:
Purple ‘Top Btrap-leaved.. -] &7l 153 2.53 v} .23 3.40 12 «24.8
c Purple Top White Qlobe.e......| 614 1.b4 2,41 u L.40 4,33 10 32,5
arrote:
Long Oranpoe 4.48 3.05 4,85 ) .41 3.40 13 o7
Mastodon 204 3.40 4.08 .38 2,40 3.98 13 28.6
T AT - v mvmmm e 501 3,60 5.35 1.25 3. 00 4.67 13 3.2
‘White Belglon Fiold oo 2.7 2.48 6,82 G0 2,04 3.61 1] - |

1 Rogt crops in 1720 were s complets fallure dus Lo drought aad unusually warm woather.
1 Low yield in 1423 due to heeterlsl soft rot.

With an average annual precipitation of 18.85 inches for 1920-31,,
Mamuroth Long Red mangels, the most productive root crop, gave
an average yield of 14.99 tons per acre. This is nearly double the .
average yield of 8,08 tons green weight per acre of corn and 7.70 per
acre of sunflowers. In & reasonably favorable ssason the produaction
from all roots has been satisfactory, though mangels far exceeded
rutobagas, turnips, and carrots. During the dry seasons that have
been unusually frequent in recent years, the yields have been low.
However, in spite of the higher {]ie]ds obtained from mangels, as com-
pared with corn for silege, 1t is likely that on the lar%e farm the pro-
duction of the latter will continue mainly because of the amount of
hand laber involved in growing root crops.
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EXPERIMENTS AT SHERIDAN, WYO.

A limited test of roots has been sown at the United States Dry
Land Field Station, Sheridan, Wyo., on three oceasions, The 1927
:seedings were made on land that had heen in sorghum the previous
season, the 1928 seedings followed Sudan grass, while the 1929 seed-
ings were made on summer fallow. The heavy rain on May 31,
1929, caused sush a poor stand that no weights were taken that year,
The acre yields from the other seedings are given in lable 13. While
the tests here recorded are very limited, the wields from the 1927
geeding are highly satisfactory and are indicative of what may be
expected in a reasonably favorable season.

TaBLE 13.—dere yiclds of root crops ai the Uniled Slates Dry Land Field Station,
Sheridan, Wyo.

Crop ood variety 1027 | 1928 Crop and variety

Mangals:
Mammoth Long Red. ocaaaaao. . 3. Ruatabagns, Oorter Fucdy Swode. ..
Golden Tunkard A +43 || Turpips, Purple T'op Strap-leavad -

SUMMARY

For several years variety trials with mangels, rutabagas, turnips,
ond carrots have been in progress in several of the Northern States
both under dry-land conditions and with abundant rainfail. In all
these tests, with the exception of those conducted at Astoria, Oreg.,
Sheriden, Wyo., and Moceesin, Mont., mangels yielded somewhat
more than other roots tested, the Mammoth Long Red variety usually
being at or near the top., At Moceasin, Mont., rutabagas and mangels
produced approximately the same tonnage. At Astoria, Oreg., both
rutabagas and turnips had considerable advantage over mangels.
Carrote generally were the least productive of the roots tested.
Varietal differences in yields of rutabagas, turnips. and carrots were
not very consistent.

While roots in general produced a greater amount of succulence per
acre thon was obtained under similar conditions from corn or some
other crop grown for silage, the large amount of hand labor they
require tends to restyict their production very materially. In certain
limited sreas where conditions are especially favorable, as in the
Puacific Northwest, and iu some of the more bhumid Eastern States,
where the seasons are too short and tno cool for corn, root crops are
grown to ndvantage as feed for deiry ecattle and sheep. For the
farmer with & small dairy herd or one who cannot afford s silo, root
crops can advanfageously supply succulence for winter feed whether
under dvy-land or humid conditions. Furthermore, 8 few roots for
apecial purposes, such as for feeding poultry and as conditioners,
are very desirable.
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