Effect of In-the-Row Spacing of Single, Double, and
Multiple Plant Hills on Beet Sugar Production

Davip Ririe axn F. | Hoows!

In considering the use of down-the-row mechanical thinners, it is im-
portant to know the degree that sugar beets will tolerate close spacing in
the row. The more plants that can be tolerated without reducing yields,
the casier mechanical thinning becomes and the less the chance of creating
gaps unoccupicd by plants. To learn more as o the eflects of high in-the-row
populations, three experiments were conducted at Davis, California.

Farlier experiments have shown little or no reduction” in beet yield
with in-the-row spacings as close as eight inches (4)* (5) (7). Deming con-
cluded that up o 25 hills per 100 {eet of row containing 2 or 3 plants could
be left on 12-inch centers without reducing root vield (2). Later he found
that a population containing 25 percent double and 5 percent three-plant
hills on 12-inch centers reduced root yvield slightly in comparison with a
stand containing 100 percent single beet hills (3) .

With the increascd usc of mechanical thinners, it was fele that more
information should be obtained as to the effects of close in-the-row spacing
ol single, double, and mulijple plant hills in order to use these machines
most effectively.

Procedure

Three ficld experiments were conducted  in successive  vears.  Sugar
bects were planted on beds spaced 40 inches from center to center. The
spacing between rows was 14 x 26 inches. In the trials in 1952 and 1953,
the variety US 22/3 was planted: and in 1954, US 75 was used. Scedlings
were thinned by hand to leave the desired population of single, double, or
multiple {three or more beets) hills. The single. double, and multiple hills
were plzi«(‘d in a regular arrangement along the row at approximately equal
distances [rom each other.

In 1952 and 1954, a randomized block design was used. In 1953, a split
plot design was employed with nitrogen levels as main plots and populations
as sub plots.

Individual plots were two beds (four rows) 60 lect long or, when dif-
terent fertility levels were craployed, Tour heds 60 feet long.

When fertility was not a variable, nitrogen was applied to all plots at
the rate of 160 pounds per acre, half applied at thinning and half ar mid
scason. Ammonium nitrate was the nitrogen source used in all experiments.
In 1933, when fertility was a variable, plots recciving nitrogen reccived 80
pounds per acre at thinning and the balance of the total rate at mid-season.
Sce Table 2 lor nitrogen rates. All fertilizer applications were applied as
side dressings.

T Formerly Assistant Agronomist and Extension Agronomist, respectively, University of
California, Davis, California.
2 Numbers in parentheses refev to literature cited.
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Harvest data were taken from 30 feet of four rows per plot. Four sam-
ples were taken from each plot for sucrose and tare determinations. Beets
fess than two inches in diameter were discarded before weighing in the 1953
and 1951 experiments. In 1932, bects with a diameter exceeding approxi-
mately one inch were considered marketable,

Results and Discassion

Experiment 1, 1952

In-therow spacings of single and double plant hills and harvest resules
are indicated i Table 1. Thinned populations as high as 300 plants per
100 Teet ol row had no appreciable effect on root yield, sucrose percent or
sugar produced. This was true whether the 300 beews were thinned to
singles four inches apart or spaced six inches apart with 30 percent of the
hills containing two beets. Stand counts at harvest showed the number of
beets in the high population plots had diminished greatdy. In the higher
populations, o greater percentage of plants either died or did not develop
into marketable beets,

Experiment 2, 1953

This experiment was designed o study the influcoce of different levels
of double and multiple hills on sugar production at varving levels of soil
tertility. 'The original plan was 1o establish populatons contining different
pereentages of doubles and wmuldples in hills spaced cight inches apart. The
seedling stand. however, was not full enough o accomplish this, so hills were
spaced 12 inches apart. Table 2 indicates the populations, nitrogen levels,
aad their effects on root yield, percent sucrose, and gross sugar,

There was a marked response to nitrogen with all populations reacting
similarly to the different nitrogen levels. The three populations produced
equally good root viclds, sucrose percentages. and gross muounts ol sugar.

g
Table & brings out an interesting effect of ferdlity on the ability of
these populations to develop marketable beets. There was a0 significant

interaction of nitrogen and populations in regard o numbers of marketable

Table 1.—Eflfect of Hill Spacing and Doubles on Root ¥Yield, Pervent Sugar, Gross
Sugar, and Marketable Beets. Experiment 1, 1652,

Thinned Stand Marketable Beots at Harvest
Total Beets Percent of Tony
Spacing in Per Total per Thinned Tons Percent Sugar Per
Row (Inches) 00 Fect 100 Feet Stand Per Aare Sucrose Acre
12 100 1032 102 22.9 16.5 577
12 {Ve doubles) 150 134 a4 240 16.7 2,83
8 ta0 143 07 28 16.6 3.80
6 200 175 88 ARG 161 RN
G (Ve doublesy 300 176 39 23.0 168.5 379
4 500 184 6t 2249 16 4,01
Significant cliff'm('m‘cee’ 1Y ns ns

' Beets farger than ©ineh in dizmeter
2 Not significant



362 JourNarn or e ACSC SO BT

Table 2—Eiect of Nitrogen and Stand on Root Yield, Percent Sucrose, and Gross
Sugar. Experiment 2, 1953,

Thinned Stand (12 inch centers)

=
- : g . o N Average
Beet Hills Per 100 Feer by - Pounds of Nitrogen Per Aae Effect of
P p— H
g & Rultiples
Singles Doubles Multiples = i} 80 160 248 and Doubles
Tons Bects Per Acore
100 153 ] 100 22.% 271 30.3 331 28,4
62.5 25 12.5 130 245 28,1 301 424 26,0
25 50 25 200+ 22.6 27.5 30 5.2 281
Average offect of nitvogen 25.1 27.6 30.8 323

Significant dilferences, 39 levelr Interaction -os averasge offea of aitregen-1.9; average
effect of multiples and doubles: nx

Percent Sucrose

100 0 0 e 15.3 15.8 14.7 5.9 14.8

62.5 25 12,5 150 - 15.6 15.4 [4.8 11 15.0

25 50 25 200+ ta.d 15.2 108 14.0 14.8
Average effect of nitrogen 154 15.3 1.8 4.0

Significant ditfercnces, 3% level: Inreraction- -ust averane effect of nitvogent—0.3; average
effect of multiples and doubles—ns

Tons Gross Sugar Per Acre

HEE & 3] 100 3.40 4450 4.42 4,64 1.15

62.5 25 12.5 150 - 3.80 4.3 1.80 4.5% 4.32

25 50 25 200 ¢ 3.47 1.14 1.60 4,35 115
Average cffect of nitrogen 3.36 121 4.54 4.51

Significant differences. 59 level: Diteraction- -ns: avevage offect of nitrogen- - 0.28: average
effect of multiples and doubles— 13

afinimum number. Multiple hills have been ealculated at 3 plants por hilt, but often
vontained morc.

Table 3—Effect of Nitrogen and Stand on Marketable Beets. Experiment 2, 1933,

Thinned Stand (12 Centers) \verage

Beet Hills Per 100 Feet Total Pounds of Nitrogen Per Acve Eftect of
Beets per - Multiples
ngles Doubles Multiples 100 Feet a 84 166 246 and Doubles

Number of Marketable! Beets Per 100 Feot

100 { 4] 0 a6 180 99 HEY 94

625 23 12.5 150~ 127 158 135 137 134

25 50 25 2004 143 164 163 160 158
Average Nitrogen effect 122 134 133 i32

Significant differences, tevel:  Intevaction-—Dbetsween nitvoren means for the same stand.
7ooaverage nitrogen cflecr 5 average effect of yultiples and doubles 9,

i Beets larger than 2 inches in diamerey
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beews at harvest. When beets were thinned woa single plant every 12 inches,
increasing soil lertilivy had no effect on the vumber o marketable beets,
There was essentially no change in plant population from thinning o
harvest. But when doubles and mubtiples were lelt, increasing soil fertility
had a dehinite effect on markerable beets, More marketable beets developed
under crowded conditions when the plants recived nitrogen thun when
nitrogen was not added. The fact thar this differential elfect was not re-
flected in root vields is readily explained. Tt s well cstablished that beet
root vields are not appreciably improved by spacing plants doser than 12
inches in the row (13, Since none of the stands in this experiment consisted
of planw spaced more than 12 inches apart, higher populations would ot
he expected to increase vields.

Experiment 3, 1954

This experiment contained the same population as in 19 hut, 1o
further test the effects of high populations, stands containing the same per-
centages of doubles and multiples were also established at cight- and {our-
inche centers, Table 4 shows the number of hills and wotal beets per 100
feet of row left at chinning,

In this trial, Table 5, there were highly significant interactions hetween
pereentages of doubles and muliples and hill spaang with respect to root
vield and gross sugar. High percentages of double and muliiple hills on
12 inch centers did not reduce vields. On cight inch centers, the highest
population, 25 percent multiple and 30 percent double plant hills, reduced
root vield by 1.3 fons per acre. On four inch centers both levels of doubles
ared multiples reduced vields nearly four tons per acre. This is perhaps the
most important effect observed in the experiment ind s the basis Tor con-
sidering precision planting of sugar beets in hills (6).

Table 4—Percentage of Singles, Doubles, and Mualtiples, Hills Per 108 Feer and
Foral Plants Per 100 Feer, Experiment 3, 1954,

Thinned Stand

Percent Hills Containing: Hills Per 100 Fect? Total
o Plants Per
Singles Doubles Multiples Singles Boubles Multiples 100 Feer

12.inch Centers

100 [ Q oo () 0 100
82.5 25 12,5 652 25 i3 150 -2
pad 50 25 23 50 25 200 ¢

&-Inch Centers

100 4 { 130 0 i 150
G2.5 25 12,5 e 37 18 225
25 30 25 37 75 37 200

4-Inch Conters

100 0 4] 300 0 0 300
62.5 25 125 187 75 37 A30-;
25 30 25 7h 150 75 600 -

* Dechimal values have been rounded oft 1o whele bills
*See footnote | Table 2
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Table
and Gross Sugar.

S~—Ef{ect of Hill Spacing, Doubles and Mulitiples on Root Yield, Percent Sugar
Experiment 3, 1954,

Thinned Stand Hill Spacing Average
Percent Hills Containing: {Inches, Center to Center) Effect of
[ Multiples

and Doubles

Singles  Doubles Multiples 12 8 4

Tons Beets Per Acre

100 4 N 2.7 222 212 220
62.5 23 125 2.8 213 17.8 20,2
25 50 25 222 20.9 17.4 20.2

Wwerage spacing cifect 22.2 21.4 187

Significant ditferences, 39 levelr Imtervaction- -14 average offcet of multiples and doubles
0.8 average effect of spacing- 0.8 !

Percent Sucrose

100 & N 0 16.7 17.0 17.0 16.9

62,5 25 12.5 16.4 6.9 17.2 6.9

25 50 25 16.8 16.7 173 16.9
Average spacing effeat 16.6 16.4 17.2

Stanificant differences. 539 level: Interaction ns cffect of spacing 0.3 wverape

cffect of multiples and doubles- ns.

dYCVaRge

Teons Gross Sugnr Per Acre

100 g i 379 3.76 N4
62.5 25 2n 3 161 2.98
25 a0 25 373 B48 KR X
Average spacing cffect 370 5.62 3.24

Signiticant differewees, 59, levell Interaction- AL27 average effect of multiples and doubles
0.16; average coffect of spacing---41 16,

Single plants spaced Jour inches apart reduced root vield by 1.5 tons
per acre compared to those spaced 12 inches. This was not ohsarved in
1952, A possible explanation ol the conflicting results might be the lact
that in 1852 all beets greater than one inch in diamcter were weighed while
only those greater than two inches were incuded for yield determinations
in 1934, Unfortunately, these unmarketable beets were not counted or
weighed in cither of these wials. Other data have been obtained, however,
indicating that from one to two tons of reots per acre are lost through dis-
carding beets two inches or less in diameter (6) .

There was an average increase ol a L6 sucrose percentage point with
the doser hill spacings. Although the iateraction of hill spacing with
multiples s not significanc at the 5 percent levell the dncrease is greater as
hill spacing s decreased with stands containing doubles and multiples than
wher single plant stands are compared at different hill spacings.

Table 6 indicates that, as in the 1952 experiment, many plants do not
devclop into marketable becets when stands are hick. To is Telt that manmy
beets were discarded as “unmarketable” in the 1958 and 1954 experiments
which actually would have been recovered by commercial harvest. Con-
sequently these results mav be somewhat biased in favor of lower populations.
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Table 6.—Effect of Hill Spacing, Doubles and Multiples on Marketable Beets. Ex-
periment 3, 1954,

Thinned Stand Hill Spacing
Percent Hills Containing: (Inches, Center to Center)
Singles Doubles Multiples 12 8 4

Total Plants Per 100 Feet at Thinning

100 0 0 100 150 300
62.5 25 12.5 15042 225+ 450+
25 50 25 2004 3004 [HIES

Marketable Beets at Harvest®

100 0 0 82 L 181
62.5 25 12,5 106 151 187
25 50 25 141 171 191

Marketable Beets as Percent of Plants
at Thinning

100 0 0 82 74 60
G2.5 25 12.5 71— 67— 42—
25 50 25 71— 57— 32—

I Minimum number, multiple hills calauated at 3 plants per hill but often contained
more, Hence the 4 and — markings.
? Beets larger than 2 inches in diameter.

Summary and Conclusions

Three population experiments were conducted in which an attempt
was made to assess the effects ol various percentages ol double and multiple
(three or more beets) beet hills in the stand upon sugar beet production.
From these studies the [ollowing ideas evolved:

1. Sugar beets spaced evenly showed little yield variation over a range
of 4 to 12 inches between singly spaced beets.

2. Fifty percent doubles introduced into stands ol beets evenly spaced
at 6 or 12 inches did not cause yield reductions.

3. When hills were spaced rather evenly at 12-inch centers, there were
no differences in root and sugar vields among populations containing 100
percent single plants, 25 percent doubles and 125 percent multiples, or
50 percent doubles and 25 percent multiples.

4. At an 8-inch hill spacing the yield was reduced 1.3 tons per acre when
50 percent doubles and 25 percent multiples were included in the stand.

5. At a spacing of four inches between beet hills, the introduction of
doubles and multiples resulted in a yield reduction of 3.8 tons per acre.

From a practical standpoint it appears [rom these studies that as long
as hills are spaced 10 to 12 inches apart, large percentages of doubles and
multiples can be tolerated. This suggests that hill planters designed to drop
several seed units close together at 12-inch centers or the use of down-the-
row thinners with larger knives on the original pass through the field may
be successful in reducing or eliminating thinning costs without lowering
vield.
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