The Effect of Soil Moisture and Compaction on
Sugar Beet Emergence’
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Tarm mechanization has becn responsible for incrcased  production
even though the numuber ol farnm laborers has decreased. Although con-
siderable progress has been made toward mechanized production ol sugar
becews, one ol the unsolved problems is that ol slow. erratic emergence of
scedlings. Uniform cmergence s a desirable prerequisite for complete
mechanization ol sugar beet production,

Of the factors known o affect germination and emergence of sugar
beet seedlings, soil moisture s one of the most important. Hunter and
Dexter (1) reported thar anedry segmented sugar beet sceds ol variety
T8, 2ihx2d

16 gevminated tn o Brookston soil only hetween 12 and 20 per-
cent soil moisture. They observed  that an additional smatl

armount ol
water in contact with the seced induced germination in soils drier than
the crivical soil moisture of 12 percent. Hunter and Erickson (3)  ploited
the mininum soil moisture percentages required for germination of seceds
ol vavious species in several soils on a moisture tension curve lor cach soil.

Thev found the maxinnon moisture tension which produced saristactory
germination was constant at 3.5 annospheres for sugar bects, 6.6 atmospheres
for sovbeans, 7.9 atmospheres for rice, and 12.5 atmospheres for corn. ilunter
and Irickson conduded that greater attenuon should be paid to the soil
moisture conditions when sugar beets are planted since they require con-
siderably more moisture for germination than other ield crops.

Anotber fuctor which nmay have an important influence on genmmation
and emergence ob sugar beet scedlings ds that of soil compaction. Because
ol its effcct on acration, compacaion of the soil in the sced zone undoubtedly
has some cftect on emergence, but available relerences do not fully explain
the cllects of this [actor. Hunter (3), using U, S0 215x216 scgmented sugar
beet seed, Tound that the seed would not germinate under water unless
an additional supply of oxygen was bubbled through the wuter. Greenhouse
studies conducted by Cook (2) have shown a reduction in sugar beet vields
ol approximately 80 percent by compacung the soil from a volume weighn
of 1.0 to 143, However, Barmington (1) stated that the planter should
exert high pressures on the soil mn the mmediate vicinity ol the seed. These
and other references indicate that soil compaction and acradon are in-
fluential during germination and emergence ol sugar beets. More specific
information is needed in regard o the pressures which should be applied
to the soil during the planting operation in order to obtiin optinium
€INCrgence.
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This puper presenws the results of an investigation imto the effect of
various soil moeisture conditions and compaction  pressures on @mergend,

Methods and Materials

Adr-dry Brookston sandy lomun containing 653 percent sand, 25 percent
silt, aud T4 percent clay was sereened through o UL S0 Noo 16 sercen. T
molsture content was adjusted wothe desired level by filling o gallon con
tainer approximately once-third full of wir-dry soil and adding the wmount
ol water caleulated o produce the destred wodsture content.. 'The con-
tainer wis closed and the mixture allowed to come o cquilibrium over a
periodd of three davs during which the container was shaken for a lew
minutes each dav. A planting e, the soll was tramslerred 1o siall
- plastic boxes having right feting Hids to minnnize moisture oss by evaporation,

fn the fusy experiment, soil meisture was the only variable. Approxi-
mately 340 grams ol moistened soil wore placed in cach box, and a pressure
ol approximately 0.1 pound per sguare inch was applied o the surface
of the soil. Ten UL S0 400 whole sugar beer scedballs were planted in cach
box by pressing each seed three-cights of an inch into the soil and covering
uniformly. Al planudngs were replicated three  thmes. Daily  records of
ciergence were maintained hy owhich only the first seedling from o seed-
hall wiss recorded.

For the sccond and thivd experiments, both sotl mebsture and soil
compiction were vaviables. A soil compacor® actmated by compressed air
way wsed o apply the desired pressuves o the soil in the plastic boxes,
This device, including the four inch square aluminum [oot used throughout
the experiment, is shown in Figure 1. A spring scale was placed wader
the box to measure the force applicd 1o the sotl. The plantng technique,
somewhat different from that described above. was ay follows: Approxi-
mately 150 grams of moistenad soil were placed in o plastic hox. Adter the
soil had heen leveled offl sixicen U0 S0 A0 whoele sugar beer seedballs were
placed v cach box o a predetermuned pattern, An additdonal 150 grams
of soil were placed looscly over the sceds and leveled off. The box, con
ttining the soil and seeds. was then placed voder the compactor and the
desived pressure applicd. Inoexperiment 2, compaction pressures of 0, 2,
507, 180, and 15 pounds per square inch were applied at soil moistures ol
12,06, and 21 percent. To vertly the wrends indicated In experiment 2, a
third experimaent was designed wing prossures of 2015, wnd 30 pounds per
square inch st the same moisture levels, AL veatments were replicated
three times. Afwer planting, the boxes were placed i o darkenced room
where the tanperature wus naintained beiween 6 75

and 75 degree Fahren-
heit. Emergenee counts were made  daily for wwelve days. When the
experiments were discontinued, a soil sample was taken from each box,
The moisture content was determined by oven drving and was usad as a
check on the moisture content determined at planting time.
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Figure 1.—Soil compactor,
plastic box filled with soil,
and the spring scale. {

Discussion of Results
The effect of soil moisture on emergence seven days alter planting
is shown in Figure 2. This graph indicates an optimum range ol soil
moisture for sugar beet seedling emergence from 12 to 21 percent and it
is in close agreement with the results of Hunter and Dexter (1). Only
3 of the 120 seedballs planted in soil having a moisture content less than
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Figure 2.—Effect of soil moisture on sugar beet seedling emergence
(Experiment 1).
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HE percent had produced scedlings by the seventh day afer planting. As
the soil mofsture content increwsed above 21 percent, there was a gradual
decrease in emergence. The low percentage ol ancrgence observed in soil
having a moisture content less than 12 percent may explain, in part, the
slow erratic emergence poted in the ficld.

Auvother important aspect ol this problem is the rate of emergence.
Rapid emergence s desitable o reduce the possibility of erratic stands
resulting brom surface crusting following rains, Figure % was ploted from
the data of experiment L1t shows the time required o reach fifty-percent
emergence ai various soil moisture levels. The maximum rate ax well as
the highest percentage of emergence occurred in sott having a moisture
content ranging from 16 to 21 percent (Figures 2 and 8.

[n seils with o molsture content less than the oritical soil moisture
required for emergence, many sceds were obscerved  that bad germinated
but failed to ¢merge. One or two cubic ceotimeters of water were added
to the soil surface just above a few of these seeds. These small quantities
of "added” water produced marked increases in the percentage of emergence.
The principle of adding water was tested in a feld exporiment o detennine
i, under dry soil conditions, cmergence could be improved by adding water
along the row at plantng tme. The rosults will be cited Tater,

The results of experiment 2, in which varions static compaction pres-
sures were applied wo the soil at three moisture fevels, are shown in Figure 4,
Reduced emergence occurred where no compuciion was applicd and abo
where the higher compaction pressures were used. On the fourth day alter
planting, the highest percentage ol emergence was observed in soil that
wis compacted with pressures of 2 and 3 pounds per square inch. After
the fourth day the eficet of compaction in sofl laving a moisture content
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Figure 3.—Time roquired for sugar beets (o reach ity percent emerg
ence {Experimeni 1),
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ol 21 percent wis no fonger significant, and the emergence becune some:
what crratic ar all mobsture levels. Possibly, alter four davs, the lack ot
oxygen and growth ol micro-organisms affected  emwrgence more than the
iniual compaction.

To vertly the trends indicated in experiment 2, a third experiment
was perlormed using compaction pressures up to 30 pounds per squarce inch.
Phe resutts are shown graphically in Figure 5. In soil at 12 and 16 pereent
moisture a marked decrease in cmergence was observed at the higher pros-
sures. However, this effect was not apparent in soil at 21 percent moisture.
At this high soil moisture level, the emergence was nearly constant over
the entire range of compaction pressures from 2 1o 30 pounds per square
nch, Fssential Iy the same rends are Jound in the data of the two com-
paction experiments  (Figures 4 and 53, '
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Figure 4-—FEflect of soil compaciion and moisture level on sugar beet
seedling emergence (Experiment 2).

The depression ol emergence caused by high compuction pressures
low and medium soil moistures and the absence of the cffect at high il
meisture camnot be adequately explained. It seemed logical that in dry soil
the higher compaction pressures would give a berter seed-soil contacr, thereby
permitting casier transfer of moisture to the sced which, in wrn, would
result in faster and more untform emergence. Also, in owet soll where
moisture was not a problem, it was expected that high compaction pressures
would cause decreased emergence due 1o poor acration,

A field experiment was designed 1o further test the results found in the
laboratory. Sugar bect rows were spuced 26 inches apart in Conover loam,
Water was directed into the furrow just before the seed at rates equivalent
o 50 and 100 gallons per acre. The planting depth was one inch. Forees
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of 0,150, and 180 pounds were applied to the soil by means of press wheels,
In the first ;)Lmtmg neither Yadded” water nor compaction produced any
signtfrcant cffect on emergence. This probably was due o ruinfall totaling
over five inches beoween pi:mtmg‘ time and the tme stand counts were
made, & larer planting using the same rates of “added” water and lorees
ol 0, 120, and 150 pounds on the press wheels was made under drier soil
conditions. Water added at a rate of 100 gallons per acre and a force of
150 pounds on the press whecels, both produced significandy higher cmergence,
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Figure S—iffect ol soil compaction and moisture level on sugar beet
seedling emergence (Experiment 3},

Summary

A laboratory study wis e to determine the range ol sofl meisture
ad compaction which would produce optimum emergence of sugar heet
scedlings. The results of thiy study were as {ollows:

Soil meistures from 12 wo 21 percent produced satisfactory percentages
ol emergence while soil moistures from 16 to 22 percent produced highest
rates ol cmergence.

It soil near the critieally low moisture level, the addition of small
guantitics of water directly over the seeds increased the emergence con-
siderably.

% The optimum compaction pressure was {rom 2 to 5 pounds per
square inch. Decreased emergence was obtained when no compaction pres-
sure was ;am shied, aud also when pressures above five pounds per square inch

were applicd.
4. The effect of ecompaction varied with the soil moisture content. In
soil 2t 12 and 16 percent motsture. compuction pressures above 5 pounds
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per square inch reduced emergence, while 1w sofl at 21 pereent mobsture nd
compaction pressures ranging from 2 o 30 pounds per square inch equal

ernergence resultad.

From a practici] stundpoint thiy study mdicates that comervation of
soil moisture during seedbed prepuaration Is of parmmnount tmportance, The
use of minimum tllage praciices is suggested as the most effective means of
conserving soil moisture in order thu the seed may be planted jn soil having
approximately the optimmm moisture content,
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