Agronomic Studies Related to
Mechanization of Sugar Beet Culture

H. E. BREWBAKER, R. R. WOOD, and H. L. BUSH!

In the search for methods of mechanization in the growing of
sugar beets, Spring cultural operations are largely interdependent in
that each operation has a critical influence upon those to follow. For
the purposes of study, however, we usually attempt to break down the
Spring tasks into parts, to permit of more careful scrutiny. This re-
port, therefore, will follow as much as possible the above principle of
segregation of subjects.

Planter Studies

Planter investigations, in comparison with those undertaken by
other investigators, have been on a rather limited scale. Six different
drills were tested at Windsor, Colo. Of these six, three were also
tested at Billings, Mont. The comparative results are presented for
both locations in table 1.

Tab> 1. Planter studies. 1945. Windsor, Colo., and Billings, Mont.

Germination stand data
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Drill location L2 5 P59 t{tﬁ Sge
J. D. smooth tube—low can Windsor 474 384 788 30.6 112
J. 1), smooth tube—high can Windsor 34,4 425 49.1 233 16.7
J. D. experimental drill Windsor 320 47.6 62.5 22.8 16.7
I. IT. C. drill No. 40 Windsor 317 421 70.3 21.4 16.4
Cobbley wunit drill Windsor 317 51.4 71.5 232 14.8
Ford Experimental Drill Windsor 24.4 48.0 30.8 17.2 24.7
J. L). smooth tube—high can Billings 21.4 715 G38 18.1 15.2
I. H. C. drill No. 40 Billings 25.6 746 74.0 222 14.6
Cobbley wunit drill Billings 275 02.2 81.9 221 12,5

All counts based on 100 inches of row.

‘Percent of seedlings as singles, i. e, only 1 seedling per inch.

Plots: 4 rows x field length at Billings and 8 rows x field length at Windsor.
Replications at each location=I.

No harvest data.

The percentage of single plants is considerably higher for Billings
in the three comparisons where the same drill was used at both places.
This difference is probably accounted for by the lighter rate of seeding
at the Billings location which was 3 pounds of seed per acre as com-
pared with 4 to b' at the Windsor location.

!Director of Experiment. Station. Agronomist, and Statistician-Agronomist, re-
spectively. Great Western Sugar Company, Longmont, Colo.
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Type of Planting

Three methods of seed coverage were used at three locations,
combined with seeding rates and dates of planting. The comparisons
are (1) flat or standard method and depth of seed placement; (2)
furrow planting, in which the seed was placed at a depth of 2 to 2Y2.
inches (the object being; to place the seed into moist soil) with immedi-
ate removal of approximately the top inch of dry soil, thus permitting
seedling emergence in the usual length of time; and (3) ridge-cover,
an operation whereby a ridge of soil several inches in depth was thrown
over the planted seed and removed 4 to 5 days later after the seed
had germinated. The principal object of this last type of planting
was to hold soil moisture at a higher level immediately around the
seed until germination was accomplished.

The results of these trials are summarized in table 2.

The wide variations and sometimes reversals between dates at the
same location are explained by changing soil moisture conditions. One
difficulty encountered with the "furrow" type of planting was in
closing the seed furrow after the disk-furrow opener; this open furrow
permitted drying out of the soil moisture immediately adjacent to the
seed with consequent reduction in seedling emergence.

One advantage of the ridge-cover type of planting, other than
moisture considerations, is weed control. It was found at Longmont
that those plots in which the rows were ridged and later harrowed off
were much more free of weeds than either of the other types of
planting.

In removing the ridges of the ridge-cover treatments at Long-
mont, the operation was conducted by placing a 1-inch by 3-inch board
in front of the front row of harrow teeth, the implement being driven
lengthwise of the rows; by this method at this location, insufficient
soil was removed from about the seed. An excess of moisture, as rain,
for all cases except June 20 and 26 at Longmont was not conducive 10
success with either the furrow or ridge-cover methods of planting since
the principal objective for either of these methods is to place or hold
the seed in moist soil for germination when soil moisture might be in-
sufficient for the usual flat method of planting.

Row Width and Spacing

Increasing the distance between roAvs would result in a rapid and
positive saving in labor. Two widths of row wider than commonly
employed, combined with two spacings within the rows, were com-
pared with standard widths at each of three locations. These treat-
ments consisted of (1) alternating narrow and wide rows with 8- and
12-inch spacings within the row, and (2) wide rows with 6- and



Table 2.—Coverage and rate of planting study. Germination stand counts, Billings, Longmont, and Windsor, 1945.

Total No. seedlings per 100 in. No. singles per 100 in. " Maximum gap—inches
Hate of .

Duie planticg Rldge- Ridge- Ridge-
Locatlan planted Ponuds per A, Flat Furrow roter Flat Furrow TR Fligt Fureow £OFET
Rillings April 12 EAC] 18.70 T8 13.50 1150 5.0 .60 1820 4710 2550
Billtngs May 1 304 2800 1 2L pulti |} 1140 1830 19.20 2.5 &1
Billings - Jane 21 N 1530 22.00 180 1108 1585 158 2500 1880 1900
Hiillngs July 2 M 121 560 1214 550 .80 .60 nm 2550 2750
Lotginont Mar 4 *01 {R.08 .00 L% ] 0 204 178 v 1181 1373
Lowgmont May 8 291 Bl 4340 1283 17.56 925 B4 M .00 PTEL
Tarrgont June 13 155 ik B 14 17.26 1M 11407 pURL:S W 2307 20,51
Longmanl dune 1% 2 B 4426 22K [ 165 1354 1108 18,75 20.76
Longmont June 18 155 LA | 27.88 4.9 el 1051 FER) | 18.7% 1044 w3
Lot Jung 20 148 28 381 150 144 a+H 113 T1.56 nEaR ELi
Luagmnat June 30 2.1 a4 5.6 1B .00 213 7.8 5481 3.5
Longment Tung 3 435 244 1084 ] 68 4.0 1.8 B4 LR
Longwont June 26 2m .0 3t LX) L .00 LN T 100040
Windsor May 3 B 4058 - 33EE 1738 1584 9.0 .= 14.81 18.0
Windaor May 3 500 2380 18.58 13,83 10,54 923 1538 19 .18
Windaer May T B.0G 3160 koA 1813 1413 1285 10.88 104 20.50
Windsor May 14 5.00 E] 1855 1204 WAL JEXE] 7 B 244
Averag B w2 044 1228 1131 10.30 242 53054

Design of experiment:
Single four-row plot of each treatment, each date or replicate.
Windsor—300 feet in length
Longinont—380 feet in length
Billings—450 feet in length
No harvest data
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10-inch spacings within therow. The above treatments were compared
with narrow rows with 12-inch spaeings as standard. These compari-
sons are presented in table 3.

Table 3.—Summarized resulted for width of row and spacing presented as averages for
three locations, viz., Billings, Longmont, and Windsor, 1945.

- Tauns Poundr No, beets
hects Parcents ge Aaugar per 100 feet
‘reatimentl pet A, Buger per A, uf row
Nartow row, 12-inch spacing 174 18,12 oL 1.5
Narrew-wide ulletnate Tow,

1E-igeh ppacing IR0 .12 LR 1.5
NWarrow-wide alternute zow,

R-iueh speeing 15.35 16185 Loy 120.1
Wide row, 10-inch spacing 14,7+ 1500 68T 118.2
Wide row, §-inch spRcing 4003 1504 G482 151.1
General mesn 1a.68 1818 Lo2e 119
CV {perent) ddAr 118 408 -
LED 5 percent pt, 1145 36 381 -
T.RD 1 percent pt. hRLH g i -

Hand work at Longmont and Windsor with rows 20 inches (narrow) and 40 inches
(wide) in width long-handled hoe at Billings with rows 22 inches (narrow) and 44
inches (wide) in width.

Design of experiment:

3 replications at each of three locations.
Plot lengths—Longmont—380 feet
Windsor—300 feet
Billings—450 feet
Rows per plot—Longmont'and Windsor—8 rows for 20-inch, and alternate
20-ineh-40-inch rows; 6 rows for 40-inch rows.
Billings—6 rows for 22-inch rows.
4 rows for alternate 22-inch-44-ineh rows.
3 rows for 44-inch rows.
Harvest—10 samples of 10 feet of row for each plot at Longmont and Windsor;
entire plot yields at Billings.

It should be pointed out that in these tests increasing the popula-
tion in the wider rows by closer spacing within the row did not result
in an increase in acre yield ; the difference, while not amounting to sig-
nificance, is pointedly in favor of wider spacing.

At two locations, Longmont and Windsor, Colo., a third treatment
was added to those discussed above; namely, row width of 30 inches,
with 8- and 12-inch plant spacing, results for which are presented in
table 4.

While the space relationship per plant in the 30-inch rows would
be the same as for the alternating 20-40-inch, apparently in these two
comparisons the 30-inch treatment produced more sugar per acre, but
not by a significant amount.
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Table 4. —Summarized results for width of row and spacing presented as averages for
two locations), viz.,, Longmont and Windsor, 1945

Tanz Pogada Na. beetx
beety Percentage RUgET per 10} feat
Treatment par A, HOgAT per A, of row
20-tonch cow, 12:-lnch spacing 8.6 15345 G4t a2
Albernaty Mpluch-#0-lach row, :
12-inch wpacing 19.21 1548 T3 126
Alternate 20-ineh-40-loch row, N
8-inch mpacing 1584 1595 4024 1192
3-inch row, 12-Inch epacing 1701 16.48 55 1052
M0-inch row, S-inch apecing 16.30 15.58 Sigy 1220
General mean 16.50 1572 e 1094
OV (pereent) [ 161 &9 -
L30 & perrent pt. 141 51 330 "
LAD 1 percent pt, 315 A3 TRE -

Design of experiment :
3 replications at each of 2 locations.
Plots—8 rows x 330 feet a Longmont
8 rows x 300 feet at Windsor
Harvest—10 samples of 10 feet of row for each plot.

Method of Mechanical Thinning

In general, two methods of reducing the beet population in the
row mechanically have proved usable, viz., (a) cross blocking, or run-
ning tools perpendicular to the row direction, and (b) "down the
row" machines exemplified by the Dixie Beet Thinner, used in these
tests, which has a system of revolving knives. Essentially the accom-
plishment is the same with either machine, but conditions in any given
field can make one type operate more satisfactorily than the other.

Three population levels, as left by the Dixie Beet Thinner, were
compared at two locations with standard hand thinning and with long-
handled-hoe thinning. The harvest results for two locations are given
in table 5.

In another test cross blocking by use of cultivator tools running
perpendicular to the direction of the rows was compared with con-
ventional hand thinning and thinning by long-handled hoe only. Re-
sults for each of three locations are given in table 6.

It may be pointed out here that in each case thinning by means of
a long-handled hoe only resulted in very moderate reductions in acre
yield at any of the three locations.

In order to test out on an extensive and practical scale the pos-
sibilities of complete mechanization of thinning, an offer was made
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Table 5—Summarized results for Dixie Beet Thinner operation at two locations, viz,
Longmont and Billings, 1945.

- N, hce-tt; per 100

Longmont feet of row
A'one I'ereent-  Tounids
it TEe HuAT Har- Afrer
Treatment per acre angae wer &eke  veRted Ehbnning

Hand block and thin,

12-inch  spacing 150 1450 4853 I A Wro
Long handled hoe only,

12-inch sparing 1510 1477 1401 1815 161.5
Dixie Beet Thinner, 150 beets

per 100 feet 1411 1443 i 85 1480
Dixie Beet Thinner, 125 beefs

per 100 feet 1321 14.1% T4 #7.4 18t
Dixie Beet Thinner, 100 heels

per 100 feet 14.21 1"His 102 1070
General mean 1447 1558 FEe 1800
CV (percentage) LY 2.2% 025
LSD 5-percent pt. g A1 ity
LSD 1-percent pt. las - 0
Billings
Hand block and thin, -

12 inch spacing 175 140K sdn . IR
Long handled hoe only, .

12-inch spacing 16,7 18,50 i 8.5
Dixie Beet Thinner, 150 heels

per 100 feet 15,18 FUE" S0 1655
Dixie Beet Thinner, 125 beets :

per 100 feet 15.02 1080 BT 1407
Dixie Beer Thinner, 100 beets

per 100 feet 1482 10,70 f ¥1E
General mean 15,50 1882 1386
CV (percentage) 54T Lt}
LSD 5-percent pt. LI *
LSD 1-percent pt. 1.4% . _

* Not significant
Design of experiment : Randomized block
Plots—4 rows x 195 feet at Longmont
4 rows x 700 feet at Billings

6 replicates at each location

Harvest—2 rows of each plot taken at Longmont for yield. Samples for
sugar determination taken at random from these 2 rows. All 4 rows
taken at Killings for yield. Two samples for sugar determination
taken at factory dump from load delivered.

by the Great Western Sugar Company to reimburse for any net losses
certain growers who were willing to cooperate in mechanizing one-half
of afield up to 10 acres in size as compared with the other half, thinned
entirely by hand. The hoeing and weeding operations were the same.,
on either half of the field, except that in most cases a hoe-trimming
operation followed the machine blocking, while in other cases the regu-
lar hoeing was increased somewhat where the hoe-trimming was not
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Table &—Sumwmurized restilta for cross blocktng and erngs cuitivatlon teats, 1H3,
Longumont, Hitlags, anil Windsor, .

No. heats per 100

fert of row
Tons Tercent-  Paunds M
bestn age Iugar ILITH After
Trestment 1oT 1cre HOZAT meraere vesbel thinnlige

Lougmoul

Tiand block amd 1hin e 139 a1
Cross block wnd reoas coltivage 150 izat Rel
Loug-handled-hoe thinoimiy 15.1% 13.27 Elis
General menn T sEs Civer a0l
CV (peTerntage) 314 1.86 427
L&D a-precent pt. R 5 M}
L8D 1-percent pi, * A5 280
Milizge )
Hend block and thiu 1R800 17.20 30 kLA
Crona block 16,26 1730 DG A
Leong-bawdled boa (Rinniox Tt 17.50 G Ha
Guaerad menn g vial | gk ™A
HAkr T E 1)
) R H w7
LEM 1-parcent pt. 2T ar T4
Winduer ) -
Tand hlock and ikin 14.71 17.32 L) B2 [ TE]
C'roms bloek Th4T ITAT 1650 3.0 UG
Loong -Tandied tus: thinning 4.8 1780 3074 w0 W,
14,24 1736 4w g
Y {perrentage) B.EKE EXLT .80
LED 5-percent pt. - - *
LSIY 1-percent pt, . * *

* Not aignifivant
Buwlgtt of wxporiieent:  Randemlze] Dloeck
Tdw—3 fewt x 0 Tuwr ab Longmonl
22 fert x LW poawe Rt Wibdeor
20 Bevi x TR Foet ab Billings
Repllvatew—Topgmont=7
‘Windwor —=H
Bllingas =K
Hurvest—L mt and Wind 1% Gt of row per gample, B samples
per plot. Billuge—36 fevet of Tow per snmigde, 0 gamples per plot,

done. A total of 41 farms were included in this test, the results being
summarized to table 7 for the principal districts of the Great Western
area.

In figuring the net return all regular beet labor costs were used,

this figure representing the cash return to the grower for his part in
growing the crop and delivering it to the factory. The actual saving
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Table T —Summuarlzation of yield, labor cost, nnd fiannciut roetarna for crosa blocking
and hoe trimming (“Mech") as compsteed wilth biud thinning {“Hand").

Yield Loba ‘I'otal labor Net ragh

Neo. Totty 1wl deTy epEt PeT AORC Temrn [ET aore

Inserict Turtny Hand Mech. Hand Mech, Hund Mech.
W, Calnrada 1T 1+ 1104 3501 32420 FL45.50 FIELTD
o Dnlorads 1 1.7 165 R ot ] IRL1IN 02BN
Zebrazkn » LR Tik25 HLER 2254 101,09 08.52
.“'{yomina 1 055 T™m SLRL 178 10 02 Ba.10
Moatann 4 12 5095 1263 1035 A43.Ba 110

41

in hand labor amounted to 28 percent as an average of all 41 farm tests,
the net cash return for the mechanized operation being 15 percent
less than for hand work. This experiment needs to be considered not
so much with respect to the rather small loss in return from the mech-
anized operation as compared with hand work, but as a first experi-
ence by 41 different growers, each of whom could, not doubt, improve
their work and results for a second experience with a mechanized
operation.

Summary

None of the tests here presented give a method of producing the
beet crop mechanically and still maintain yields equivalent to those
obtained by hand thinning of the plants. The reductions in yield in
many comparisons are relatively small, demonstrating that in condi-
tions of reduced labor supply, methods are available for continued pro-
duction of the sugar beet crop.

it would seem that, without doubt, experience in mechanical thin-
-ing operations will result in greater proficiency on the part of grow-
ers in handling this kind of work. As such knowledge is gained, we
should expect acre yields to rise toward those of conventional hand
thinning. It is not inconceivable that ultimately we can surpass, by
mechanical operation, the yields now obtained by hand thinning.



