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and uged in the sxperdmental work.

Walte» B. ﬁarletan

o
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which may ilmprove the sffectivensss of plantersg op
planting methods on fleld germiha%iéma -foms progreay
hag been made in this work bul new deviges or tech-
niquoe must be proved in the fileld ower a pericd of

The determinastion and improvement of thoss olements

yearss

A new type of rolling wheel furrow opeher wag designed
The resulbs of field
seate indioate that cerbain planting tresiments shish insiude
thiz opener are better than sonventionel planting methods
mat final Judgment must be reserved until the agan@r has

Bagn tried for Morg 403308

A& pueunatic sompscbilon vhesl which lmparted o unle
Torm and sonsigtent pressure upsn the soll waz found to be
potter than a cast-iron sompachion wheal. dreater unild
sragsures by the compactlon wheel resulting in heavier
201l compaedlons avound thy ssed ware found to give bLeitber
smergense han the lighter compactions, espesially under

Adriar mued-pad oonditiond.

Gresnhouss bests were used to devermine the comparse

bive performance of the experimsntal openers with e pere
T Enown Sompace

Cornapee of plantings wade undsy conditlons of !
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Walter M. Carlaeton

tion. Gompnctions repulting from the application of a

shatie pressure of a maximum of 4 pounde per square inoch on
the soll were found %o be statisbtically better as measured
Dy plant emergense, than compactions obbtalined by the applie

cation of lower pregsures down Ho 1 pound per squsve inshe

It was found that the air permeability test of goil
was a satiafactory method in the laboratory of comparing the

nompachion effeets of Turrow openers with the effecta of

- kuown atatle pressures on the soll. %he cheoking of

pianting proceduresg by laboralbory and gresnhouse expeprls
ments pevmitied planier research to bs sarvied oul more

rapidly than by usual summer £ield experimonits only.

A new mashine for more accurabsly and sclentiflioally
measuring the compaction of scll was designed and huilie
This mechine was suocessfully used to svaluate compaeibion
traatnonts used in the planting experimenta and provides
& valvable Lool for use in soils, planting, and Hillage
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INTRODUCTION

Sugar beets provide approximately 25% of all the sugar
consumed in the United States (B6). According to the United
8tates Department of Agriculture (21) the average ahhﬁal
acreage of sugar beets in the Unilsd States varies from about
760,000 to 1,000,000 acres. Production in the Eastern area
(prineipally Michigan and Ohio) for the last 20 years has varied
from a low of about 12 percent to a high of about 25 percent
of the national total (4).

A great deal of effort has been put forth to mechanize
the production of sugar beets in an attempt to lower the
high production costs which are primarily due to the large
amounts of hand labor required during two distinet labor
peaks. lervine and MoBirney (16) quote California figures
showing that 75 man hours labor were required (year 1936)
to grow a crop. The spring work of hoelng and thinning
accounted for 36 percent of the total while 33 percent were
required for topplng and loading at harvest time. Common
practice was and 1s yet to accomplish these labor peaks by
the use of trangient or contract labor. Thug there was a
danger of loeél shortage of labor even during perlods of

unenployment,




Muoh progress has been made toward mechanization of

~the harvest work. According to MeBirney (14) the acresge

of beets mechanieally harvested previms‘ to 1943 was
negiigible. He atates that in 1944, seven percent and in
1046, twelve percent of the U.8, aoreage was harvested
mechaniecallys OCalifornie growers harvested approximately
30 percent of their 1946 erop by mechanicel means. (22)

Gardner (6) indicates that in Miehigan in 1946 probably

léee than § peroent of the sugar beet acreage was harvested
mechanically; in 1947 the percentage would probably be
nearer 20. Walker (22) suggests that the immediate problem
before the sugar beet industry is no longer one of
feanibility of mechanization (of harvest) but one of programs
of '&eirelopment which will bring to greater perfection the
mechanization now established.

In order to completely mechanize sugar beet production
the evidence above indicates that the emphasis must now be
laid on mechanization of the spring work. The Michigan
State College project on sugar beet planting mephanisms
and techniques wag initlated An the epring of 1946,
Hentachel (8) states that the problem wae %o determine the
effects of various methods of mechanical seed bed prepara=
tion, including tillage, sced plaoement s Beed coverage, and

801) compactness over the seed.




REVIEW OF LITERATURE
Problens of Sugar Beet Seeding lachines

Higtorical

The problems involved 1ln planting sugar beet ssed
have 1long been a source of study. Grant (7), previous to
the yeaxr 1880, made a $rip to France to investigate the
- cultwre of gugar beets and the manufacture of sugar with the
intent of estabiiahing the industry in Illinois. In his
work deserlbing his findings he wrote:

The irregularity in size and shape o beet geed
rendera it necegsary to subject At to certain treate
menta in order %to facilitate the operation of sowing,
and to prevent the clogging of the machine, the result
of which would be to leave long spaces in the lines
{rowsg) without any seed. This preliminary treatment
also facilitates ite germination, and in a measure
guards 1% againgt destruction by insects.

The seed should be passed through a screen with
meghes sufficiently fine to retain 21l that would not
pags easily through the gauge that regulates the
pagsage Iln the machine.

The seed whieh do not pass must be rubbed between
two boards and partially corushed, in order %o reduce
thoge whieh are large and irregularly formed to a size
that permits their easy transmigsion through the screens

Ag soon as the seed are sown the ground shouwld
be rolled. This hastens germination. The beet roller
18 a cast-iron one, in jJjoints or sections. The roller
should follow the lines mide by the seedegower as




exactly as 1s posgsible.

In addition to discuseing the aotual seeding work
Grant discusses a method used at that time for mechanically
bloaoking the heets .tc redune the hand labor requirement. He
adds?

In many parts of Europe the farmer not only runs
his cultivator between the rows, but also across them,
leaving his plants at the corners of squares eighteen .
inches apart each way, thus doing almost all his work
with a horse ocultivator. . « » C ‘

The use of the horse cultivator is not recommended -
as it leaves the plantas too far apsrt in the lines. In
gome cages the hand hoe (%rasette a main®) 1s used for
both operations, and oftener still for cultivating
across the lines. The "rasette a main® is mounted on
low wheels, and ls a gpecies of thrust hoe and
cultivator coumbineds « « o

In case the fleld 1s not cultivated across the
lines elther by the horse or hand rasette, 1t is
. necegsary, asg soon ag cultivation between the lines
has teken place, to thin out the beets, leaving single

plants standing, from twelve to fourteen inches apart
in the rows.

The geoneral use of segnmented seed has come into
existence since 1941 when Bainer (2) succeeded in successe
fully reducing the number of germs per seed unit. Attempts
to reduce fleld thinning of excess plants had been previously
tried with little suecess. Palmer (18) writing in 1918

mentions attempts to plant beet-balls in paper tubes in a




seede=bed, The beets were thimmed while in trays, conveyed
to the fleld 4in trays and planted in the tubes. This was

found to be $20 expensive. Palmer further continued:

At the same time a German seed grower trled o
obviate the necessity of thinning, by passing the
seed~ballas through a grater and cracking them into
geveral parts. Some of thig oracked seed was placed
on the Amerioan market, but d4id not give satiafactory
results. The drawbacks to thils method were both
numerousg and serious., Some of the seed germs were
destroyed in the cracking machine. Othera were
expoged and the funetion of the bhesteball to regulate
the germination wasg desgtroyed., The oxalates in the
beet~ball dld not perform thelr function of protecting
the young plant from its mlecro-enemies. And finally,
unless a large porilon of the germs were ruined, it
wag impossible go to crack the balls but that many
of the pleces contained more than one germ and the
field had to be thinned as usual.

With these experiments in mind, the writer
(Palmer) cracked open and examined thousands of
beet=geed balle and finally concluded that the oniy

manner in which the desired result might be attalned
would be o breed a gingle beetwball, .

Present problems

The problems which Grant discussed aboubt gixty years
ago have not been entirely solved at this date but progress
hag been mades Walker (23) in discussing the trends in
sugar beet machinery in 1942 said that fluted feed drills
had besen generally used up to about 10 years previously.

The drilled beet seedlings came up more or less in clumpsg

of seedlings. The need for a single seed-ball planter was




evident. Mervine and KeBirney (17) in 19390 reported on the
development of singlewseed planting. These two men
developed & chalnefeed single drop planter which gave
gignificantly more uniform spacing of the geed but they
concluded that the extra cost of maﬁufactﬁr@ was not |
Jugtified provided the conventional planters were equipped
with proper plates for gingle seeding.

The research on and development of planting equipment
ig an indirect approach to the problem of the mechanization
of production, HNeBirney (12) states that the production
of sugar beets requires spproximately 100 man hours per acrs
where mechanization of thinning and harvesting 1s not
practiced.s Approximabely one-third of the 100 is required
for hand thinning and hoeing the erop. HeBirney further
statea that most of the planter development so far has been
concerned with inveastigating planter characteristiles
affecting seed distribution. The result has been successful
single~geed planters and practically all commereial planters
are now of the single-seed type. The success of single~geed
planters together with segmented seed has reduced seeding
rates from about twenty pounds of whole seed per acre in
1930 to about four pounds of segménted geed per acre at the
present time (8). '




RS s on

It has been stated above that one objective of planter
development has been to affect good seed distribution. This
objectlve hag been at least partlially attalned in present day
planters. Therefore greater emphasis may be lald on
attempting to determine those factors which may improve the
gffectiveness of planters or planting methods on seed

germination.

In order to mechanize the thinning operation it is
negeasary that the proper stand of Leelts be secured, Reeve
and Nichol {19) gzive data from a five=-year study of perwacre
plant populations on 50,000 acres located around St. Louls,
Miohigan. They define a 100 percent stand as one beet
every 12 inches in 22-inch rows or a total of 23760 beets
per acre. If Z28-inch rows are used then the beets need be
closer together to obtain a 100 percent stand, The data
show that the average yleld of beets decreases as the muber
of beets per acre decreases. It is ghown %hat the average
welght per beet doces not increage significantly as the number
of beets per acre decreases. These data show the importance

of proper seeding technique.

Factors Which Influence Emergence of Sugar Beets

Yoder (24) lists the following soil factors as directly




influencing the growth of root plants:

1., Soilewater supply 4. Plant nutrient supply

2+ Solleair supply 8. Depth of rootbed, and

Se Solleheat relations 6. Presence or ahbaence of

injurious subsgtances.

According to Hoffer (9) surface crust sometimes smothers the
roots of young plants. Bainer (1) states that weather |
hazards will continue toc be one of the controlling factors
in obtaining satisfactory stands even though the best avalle
able planting equipment and seed is used. MeBirney (11)
concludea that: ' ' '

The wide variation in fleld emergence on hundred
inch counts with even the best types of openers on what
are aspparently good geed beds seems %0 lndleate that our
seed beds are too varlable and not as good as they
ghould be. We know from grease-board tegts that the
variation in gsed drop in hundred inch runs is not great
and that the extreme variance in emergence must resuld
from some other cauge. Further work to cobtain .
improved and more uniform emergente ghould include
gtudies of seed beds and bed preparation in addition
to that on planting equipment.

- Tolman and Stout (20) made a comparison of the germina=
tion of sheared sugar beet gsed, whole seed balls, and
naked seed using blotters, soll in special glass germine
atorg and also on the greenhouse bench. They found that

very few ssedlings from naked seeds and imperfect sheared




geeds emerged from the soil when planted more than one~half
inch deep. They state that the optimum depth of planting
for both whole seed and shearea geed is that they should be
planted just as shallow as moisture will permit. Depth of
planting should therefore be governed by goil moisture and
not by kind of geed planted,

Baver (3) discusses the significance of soll structure:

It 1s known that plants require nutrients, water,
and ailr for growth. The amount of nutrients in the
801l is usually taken as an index of fertility. The
alr and water relationshlps are depsendent upon
gtructure, . « « The growth of plant roots and the
gernination of seeds requlre favorable conditions for
respiration., If there 1s a limited supply of oxygen
within the s0il as a result of poor structural condie
tions, respiration processes are hindered; germination
and growth are retarded., Moreover, a sm root systenm
restricts the volume in which nutrients are avallable
to the plant, Consequently a low air capaclty may
affect plant development in more than one way.

Thesge facts indieate that abundant nutrients in
the so0il do not insure good c¢rop production. The :
investigations of numerous workers emphaslze that
insufficient attention hag been given to providing s
favorable environment for the germination of geeds and
growth of orops.

Seed Planter Development

The preoision planting of sugar beet seed has come about

in the last fifteen or twenty years in an attempt to reduce
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the. spring labor requirements due to blooking and thinning.

Mervine and MeBirney (17), in 1939, reported that an invegti=
gotion of commerclsl planters disclosed that none geemed to
have a uniformity of seced drop. They developed a rather
accurate but elaborate chatinefeed planter but ites mamfacture
was not pushed due to improvements in conventlonal plate

planters.

Success in producing segmented sugar beot seed in 1941
(2) led to the development of preclsion planters for seg-
mented sceds Balner (1) states (in 1047) that several
planting units are capable of precision metering of pro=
perly graded seed, He¢ also states that:

« « the principal problem yet to be golved
daala with proper placement of the seed in the ground
to ilnsure maximum germination. The relatively poor
-£16ld germination for machine-planted gegmented seed
indiecates a necesslty for lmprovement of furrow
opening and covering devices. Preclsion planting
requires precision seed and precisgion farming practices
if the greatest gains are to be realized.

MeBirney (13), reporting on 1945 plantei investigationa
in Colorados gave recommendations for planter design to
improve seedling distribution characteristiocs and for
improving the percentage of fleld emergence. The suggestions

for improving fileld emergense were:
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l. Use mors pressure on press wheels, particularly
on firm seed HedsSe « o« o

2. Loosen up the surface of firm seed bedg by surface
harrowing prior to planting. « - «

‘3e Usge deep cdneavity presg wheels with considerable
pregeure for loose geed beds.

4,  Level, soraspe; or smooth out the bottom of the sced
furrow before dropping seed, Considerable experimental
work should be done to develop suitable equlipment to do
thige ) .

5« Use shallower depths for early plantings when
germination is slow and moisture may be excessive.

6e Upe deeper plantings for later plantings when soil
is likely to be dry and germination is rapid.

7« Use furrow planting only when nécessaiy to get the.
seed into molsture. « « o«

8. Qur plantinge have not shown the ridged planting
to be of any beneflte o «

Bvaluation of Planting Tests

In order to evaluate the field performance of sugar
beet planters some method must be agreed upon for mesasuring
the regularity of spacing of seceds or seedlings. Mervine
(158) defines the "stand® as beilng simply the percentage of
inches in the row in which beets are found, either singles
or multiples. This percentage ls found by placing a hundred
inch seale along the row and recdrding the number of inches
opposite which there are one or more seedlings, For the sake
of simplicity these may‘simply.bs called Ybeet=-containing
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T INVESTIGATION

ObJjectives

The objectives of thia investlgatlon were classified
as immediate and long-time objectives. The lmmedlate
oblective wag to determine those facbors, of sugar beet
planters or of planting technigue, which affect the germinae-
tion and emergence of sugar beets, The long-time objective
was o contribute to the eilmlnation of the spring labor
peak now required in the thinning and blocking operations.

Methods of Pracédure

The methods of procedure were:

1. A bibliographic study of pagt research on planting
equipment. This research gave a good pleture of work which
had been accomplished to date and suggested certain lines of
attack for the lsboratory and fleld work in this invesu«-
gation.

2« A study of existing planting equipment with the aim
of determining ite effectivensss in comparison with experim
mental planters and to¢ determine vhat factors were respone

glble for varylng performance.
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Se  Fleld triala of planting equipnent.

44 Hand plantlng trials ss a cheek on geeding
gquipments

S« Laborabory checks on planting techniqgueed

B« Shatisticsl analysis of all trials with the aim of
debermining the signifiecance of any differences in treate
nentse

- %+ Alteratione and lmprovements of planting equipment

basaed on the resulis of luboratory and fleld trials.

Experimental Work

Experimental plantings were made in the field in the
summer of 1947, in the greenhouse aﬁring the winter of.
1947«48 and agaln in the fleld during the sunmer of 1948,
The experimental work will be presented in chronologleal
order asinece certain modifications in equipment and techni~
ques came about as the researoh.prograaséd:

Summer 1947

Equipment. Fig. 1 shows the Michigan State College
planter as it wag used during the 1947 field trials. This
two~row planter was designed to simplify the interchange of
experimental units. The left Ffurrow opening and packing
unlt was taken from a éammercial John Deere sugarebeet drill
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Fige 1 HMichigan State College Experimental Two-Row
Sugar-Beet Planter.

and served as the conventional or check row unit. The right
hand unit was bullt for the quick exchange of various
experinental furrow openers. In addition a heavy oast iren
packing whoel shown at "a¥ in Fig. 1 could be used ahead of
the opener 47 desired. In like mamner the emall packing
wheel *b*? could be uged for after-seeding compaction.

Commerclial Cobbley seeding units were used for both rows,

Seeding units for both segmented and pelleted-gegmented seod

were avallables The geeding units were oalibrated Ain the
labopatory at a speed equivalent to about two miles per hour

and found to be dropping sepgmented seed at the rate of 3.8
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pounds per acre. Since the pelleted seed units had the same
number of seed holes and were turned at the same rate of
gpoed 1t was assumed in the tests that the same number of
seed balls were deposited in the furrow for either iype of

soed,

- The fertilizer units were driven by a ground-wheel
geparate from that which drove the seeding units. The
fertilizer units were calibrated in the laboratory to apply
175 pounds per acre with the seed. This procedure was in -
conformity wlth recommendations which permitted up to 200
pounds of fertilizer per acre to be placed directly in the
row with the seed. The plan of the experiment called only
for making stand counts of seedlings, Since 4t was not
planned to grow the beets o maturity the application of the
usual additional 200 to 300 pounds of fertilizer per acre

béside the beet row was not decmed necessary.

Three types of furrow openhers were used experimentally
during the 1947 seasont

l. Conventional shoe type

2e M48.0¢ boatetype

3¢ H.3.Ce Rolling-disk type

Figs 2 ehows the shoe opener as used in the experi=
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mental combinatlongs

Pigs 2 ShoewType Opener with Fertilizer Tube for Direct
Applleation with the Zsed.

An experimental furrow opener designed by the Michigan
8tate College Agricultural Enginesring Department ssemed to
show gome promise during preliminary trilalas in the summer of
1946, A slightly modified design of the opener, to permid
the additlion of fertilizer with the geed is shown in Fig. 3.
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Fig. 3 Esperimental Boat-Type Furrow COpener

In diseugsion of pre-cmergence weed control it was
suggested that the soil which hag been treated prior to
planting ghould be disturbed asz little as possible. Thig
was suggested as being necessary to prevent bringing nearer
the surfooe those weed geeds that had not been damaged by
the pre-planting treatment. The opener shown in Flg. 4
utilized as a furrow-opening device a threesfourtha inch
thilok plate which was machined to three-sightha thicknesg
along the outer edge. Runners were provided for depth




RGeS =

i3

asontrol, This unit worked reascnably well but was Amproved
for use An the 1948 asecason as shown in Flg. 9.

Figs 4 Experimental Rolling Yheel Furrow Opener

Seeds The seed was supplied by the Farmers and Manue
facturers Beet Sugar Assoclatlon of Saginaw, Michigan. Three
types were used in the experimental work. They were:

1. Segmented |

2+ OSegunsnted, soakéd in salt solution, and dried




3¢ Pelleted

The psgmented seed was U, 218 x 216 graded through
a 9/64 inch and over a 7/64 inch soreen.

The treated segmented seed was a part of the same
U,8. 216 % 216 previously mentioned. It was sozked for two
hours in water, tranaferred to a E%Na. Cl salt brine for two
hours and then dried. The washing freatment was first suge
gested to the author by Dr. H. 8, Hall, formerly of the
Hichigan State College Solls Department, as a means of
attempting to overcome toxdce effects as the sugar beet geed
decomposges in the goll.

The pelleted seed was No. 801}, According to informae
tion supplled by the Farmers and Nanufacturers Beet Sugar
Agssoolation the pellet material, based on the welght of the
geed before pelleting, was as follows:

Cupricide 7.5 per vent

Treble Superphosphate 10.0 per cent

Insrtwwwrenainder

Samples of the dry segmanted and pelleted seeds were
sent to the Michigan State seed testing laboratory in
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Lansing for germination teats. The tests whlch showed

only the total percent of germinatlng seed halls were:
Segnented 86 percent | |
Pelleted 47 percent

Boil. Similar experiments were conducted at the
Hichigan 8tate College Farm Crops field laboratory and on a
farm near Breokenrvidge, Michigen. The soll at the Famnm
Cropa laboratory was a heavy dense ¢lay loam which tended to
erack upon drying. The goil ab Breckenrlidge was a light
sandy loam, and although not the type of moll generally
considered best for sugar beetis, the operator was very -

suocessfully growing commersial beets in the game field.

Soll compaction., The design of the planter permitted
paeking of the soil both before and afier the sgeeding unit.

Thig permitted the use of four packing combinations in the
experimental plantings as follows:

Packing Packing shoad Pa‘ckér after
Conbination of opener gocdep

3 No Ho

2 Ko Yeos

3 Yeos Yeog

4 Yes ~ Ne

Combinations of the three -seedsy three opéners and four
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packings resulted in thirty-six experimentel combinations.

The actual proesss of planting was simpliﬁed'a. great .
deal by the proper cholee of planting sequences The experie
nental plots were laid out before planting and numbered
stakes used to indicate the position of eachs 8ince the
porbinations had been previocusly sssigned randomized posie
tions within the blogks 1t was possible to plant the combinsae-
tione in any order desired. The most dilfficult change was
that of installing the rolling wheel opener; thersfore all
eombinations involving 1% were planted first. The geeding
units wore the next most difficult to ohange whlle the
packing units were the easlests

Dotermination of results. The resulis of the planting
$rials were evalusted on the basis of the percent of beste

containing® Anches.s Fig. 6 showa the type of atand-count
gheet which was used for recording the information in the
fields Two or more hunéred inch counts were made on each
TOW,

machine planted plote were lald cut according te a Greoo

_ Latin arrangement, The variables of seed and btime were first
randomized and the combinations within blocks were then
geparatsly randomized. The exﬁerd.mental layout for the
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Breckenridge planting ls shown in Fige 64

Degien of the exverimentehand plantinge In order to
gerve ag & check on machine planting equipment & hand plante
ing experiment was made at the Farm Orops laboratory. The
plots were lald out as 4 x 4 Latin squares' for both seg#-
mented and palletecl geeds The only variable introduced into
thia experiment was the method cf packing. Packing before
and/or after the seed was placed in the handemade furrow wag
accomplisghed by racking the soll with the side of a small
round sbick held parallel to the ground. Hach plot was
fifty Anches long with one seed planted per inchs

Upiti > desicng.s The design of the machine layout
nade 11t possible to Getermine the effeets of a large number
of variables and from that siandpoint was desirable. Although
the procedures which were sebt up made the tagk of ficld
planting rather slmple 1t wus Lelt, at the completion of the
experiments, that too large a mumber of varisbles were being
tested and that a better design would be one in which there
wera fewer variables with more replications of each oomw

binations

Notes oh exparim

Not ntge The soll at the Farm Crops
laboratory was a clay loam soil which tended to form cracks
upon drying. Pig. 7 showa one section of a row in the bloeck
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83¥q» This row was 2 part of combinallion nineteen of which
the shoeetype furrow opener was a parts The crack shown was
approximetely 1/4 inch wide znd 2 inches deep.

Mge ¥ A Qlay-Loam 8Soil Yhich Formed Cracke
Along the Path of the Planter When
the Soil Drieds

Regults of 1a47 summer planting, Stand counts were
made and all data submitted to statistioal analysiss A
summary of the regults showed: -

1, Hand planting at M.8.C. Fleld Crops laboratory.
There were no gignifloant differences betwsen any of the
paoiking treatments for oither the pelleted or the segmented
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geeds. Unusually favorable moisture conditions were
ensountered during this test.

2¢ Machine planting at the M,3,C. Fleld Crops
laboratory.

(a) A& comparlson of experimental treatments with
palred cheek counta showed no sighificant differences in
favor of the experinental treatments.

(b) Segmented and pelleted seceds were both better
than the segmented seed which had been sozked in brine.
There was no significant differcnce between pelleted and
unireated segmented geed.

{e) | A ebmpaﬁaoa of only experimental treatments,
showed the wheel opener %o be significantly better than the
boat or shoe openers. There was no gignificant difference
between the boat and shoe openers.

() fThere was no significant difference between
the experinmental packing treatments although field cbser-
vations of nlants favored compaction of the soll around the
seed.

3« HMachine planting at Breckenridge, Michigan.

(a) A comparison of experimental treatments with
paired check rows showed the combination of the shoe opener
with paeking both before and after seeding to be signil=-
ficantly better than the palred check rows on the basisg of

atand counta. However, fleld observatione of plant




i e

conditlons 4ld not substantiate this dlfferenoce.

(b) Begnented and pelleted geeds were both
gignificantly better than the é;egm_enfed geed which had bheen
sosked in brine,

(6) A comparison of only experimental treatments,
showed both the wheel and shoe openers to be better than the
boat-type opener. Packing after seeding was signiflcantly
better than no packing or packing before geeding.

Winter-Spring 104748

Plan of procedurs. The determination and measurement of
the effeet of planting mechanisms upon the soll is a
difficult problem, | In m}&er that reséarph on %the problem
might be continued through the winter months, it was
decided to place & large box of suitable goil in the greene
house. A machine was buillt to support the planting
mechaniam on the box and a guitasble arrangement was provided
for moving the machine along the length of the box.

The relative compaction effeects of furrow openers and
known statle pressures were eomp_ax-ed by means of an alr
permeablility unit (10). In addition, the pre-seeding packing
whesl used in the 1947 summer tests was compared with statie

pressure packing.
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The effeot of various packing procedures on hand and
machine plantings were compared.

Soil. The soil used in the tests was a Brookston olayw
loam, This soll was placed to a depth of approximately
9 inches in the greenhouse in a box 3.6 feet wide and 18 feet
longs
o Equipments The boat-type opener as used in the summer
testes 4id not posses sufficient floxibility to satisfactorily
care for unevenness in the geed bed. Figs. 8, 9, and 10
show the mechaniem used for planting in the greenhouse.
Fige 11 showg the 53.5 pound cast-iron wheel which was used
for pre-sesding packing during the 1947 summer experiments.

Fige. 12 showg the method used for applying a known
static pressure upon the soil. The effects of thesge known
pressures were then compared fto the effects of the experi-
mental equipment. Itatle pressures of 1, 2, 3, and 4 pounds
per squaxe inch wors used., In practice, four contalners
were. filled with sand so that the weight of the container
plus the hlock ém which 1% rested would exert a pressure of
l, 2, 3, or 4 pounds per gquare inch on the soil.

Fige 15 shows the unit designed for testing the alr
- permeabllity of the soll in place. In operation the sampling
device "AY wag inserted a given depth into the soll being
tegted, Alr was pumped into the tanks "B¥% {connsated
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Figs 8 The Machine for Planting in the Greenhousss
Wheel Opener Equipped with Reviged Depth
Control gkidsg.

together) until the high gide of the water manometer AQH4
indleated a helght of about 40 centimsters sbove thé
equilibrium point. The clawmp on the hose leading to the
sampling device was then released. As the manometer reading
dropped to 2%, the wateh was started and was stopped when
the water reached a point 2 centimeters above equilibrium,
This gave the time for a definite volume of air to pass
through the soll sampler. The wheel *D' was the same as in
Pig. 1l.

Teat grocedgg-gé:.; compacgtion. The compariaon of the
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Fige 9 The Machine for Flanting in the Greenhouse.
Wheel Opener Equlpped with Depth Bandege

conpaction effeet of various treatments was earﬁied oﬁt as
follows: The soll was thoroughly wetted by sprinkling
before astarting a series of tests. It was allowed to draln
for about two days or until the soil would not puddle when
eultivated. The soil was then worked, the wheecl opener and
the packing wheel wers run the length of the bhox and the
various statie pressures were applied, Peormeabllity teats
were thon made, as deseribed in connection with Fig. 15, for
each of the soil treatmentg.




Fige 10 The Mashine for Planting in the Greenhousge.
The Reviged Boat Oponer is Installeds

The soll was smoothed after the tests, permitted %o
dry for two days, and the procedure repeated, These

‘determinations were continued until the soil beoame

sufficlently dry that dust tended to blow out around the
gampling unit,

et proced compaction on emergense, In order to
determine 4if there would be any eignificant effects on
germination due to the varlous packing and planting proe
cedures which had been tested in the alr permeability work,
two experimental plantings were nade, The layout for the
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' 11  The 83,85 Pound Uast-Iron Compactlion
Wheel Uged for Pre~Seeding Compaotion
During the 1947 Summer Experiments.

12 The Application of a Kaown Statis

Pressure Upon the 8Soils
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Figs 13 Alr Permeabllity Unit for Teating
the 80il in Place.

gecond planting made on April 7, 1948 ig shown in Pig. 14,

Seedes The segmented seed was furnished by the Farmers
and ilanufacturers Beet Sugar Association of Saginm, Michim
gan. It was graded through a 9/64 inch sereen and over a
7/64 inoh sereen, The averaged results of a detailed

gernination test on three samples wag as followa:

PE LR O —— 997%
Seeds per gram - - - - 135
Seedeg per pound -- - wmame Gl236




(1)

(2)

: - (3)
Rep 9 Rep 7 | !

------D----ﬁ-ﬁmm-m
--@-----DDESHD---D

: Rep. & | Rep. 6 .! VL Rep.2

1 t
(1) Boat Opencr (10.7 seeds per foot) Planted 4-7-48
(Z2) Wheel Opener (/0.7 seeds per foct) Counted ¢4-21-4¢
(3) Hand Plant (0ne seeq fper inch)
(#) Ten seeds planted per rectangvlar print.  Pressvres in p.s.i. as shewn.

Fig /4. La_yoz)f of Experimental Plantings in Greenhouse.

143
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Garmination —wm=e- - - 89.6%
vSiprou‘!:a e e IR & ¢
8ingles SR — . 81433
Doubles - — . 26453
Triples = RE—— S 2
Hypocotyls - - - -]

S8prouta per pound, mimus hypoocotyls 70421

Dogt resulbe-goll compaction. The data shown in
Table 1 were token by utilizing the alr permeabliity unlt
éhown in Fig. 138. A study of the data shows that the
acz#paetién of the w&xeél opener appesared Ho be approximately
the same as that caused by static presswres of two to three
pounds per square inch. ‘

The BE3.,5 pound cast iron wheel used during the ¢om-
paction tests was shown in Fig, 1l. It was found that this
wheel had an adverase effect on the soil since small oracks
of about 1/2 inch in depth were formed asross the wheel
traok at right angles to the directlon of travel ss shown
at "a' in Fig. 15, 7This rvesulted in rapid drying of the
goil to a depth of about 1 inch.

Emergence counts
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Table 1 Time in Seoconds for lanometer Reading
to Drop from 27 to 2 Centimeters.

% HMolgture 63,6 1b, Wheel Btatic P.S.1. Checlk
dyy basis Wheel Opener 4 3 2 i Plot

277 7e8 209 13:4 121 6.7 5.6

242 84 12,6 8.9 7B 6.2 4.9
22.8 4,6 9B 79 8.1 B0 8.7 33
216 5.8 8.8 116 10.2 74 7.0 4.6
190  10.1 9.6 176 12.8 10.6 8.5
w5 1048 9.6 14,8 13,4 10,3 7.9

16,6 14,6 13,6 18.1 14,7 12,1 10.8 10.8
126 15.9 16.3 14,0 14.6 11.2

wore used to evaluate the results of the various planting

combinations.

Aocording to the laboratory germination resulis,
page 35, 88.6 pereant of the seeds would be expeeted to
germinate and, due to some seeds heing doubles or triples,
one might expeet to obtain 116 planté per 100 seeds planted.
on that assumption, the following definitions will apply:

1. Percent gseed attainment

geeds planted x 897




Fig. 18 Oracks in the Soll Caused by the 53.6
Found Cagt-Iron Packing Wheel.

In other words if the number of secds actually
producing geedlings wag 897 times the numbex 6f
segde planted the ageed attainment would be equal
to 100 pergent.

2¢ Percent plant atbainment

pumber plants sotually emerging
= {per 100 geeda»g&gﬁteﬁl x 100

If 100 sceds actually produced 115 plants
(singles counted as 1 plant, doubles as 2 plants
efc.) the plant attainment would be 100 percents
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The statlo pressure method of planting was as follows:

The goll wag soraped aslde from the planting area and ten

saeds were placed on this area. 8oil, to a depth of aboulb

one inch, wag carefully epread over the aceds to_avoid'

disturbing their placement and a block of wood was placed on

top of this soils A pressure of 1, 2, 3, or 4 pounds per

sguare inch wag then applieds A ealibration of the mechani-

cal geeding unit showed that an average of 10.9 geeds were

being planted per foot of travel.

No water was added tp the soil from the time of

planting to the time of standwcounts. The molsture content

of the soil at soed debth for the two trials was

| Planting %'maisﬁure at geed dspthwdry basis |

date Start of test End of test
Swidd8 22 13

4mT=48 20 10

The regults of the final stand counts on the two

experiments are shown in Table 2.
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Table 2 Seed and Plant Attainment by Various
Planting Methods

‘Planting % aeed % seed
Kethod
date attaimment attainment
T T .
4 p.s.le 7i.4 83.5
3 peBels 624 62.8
2 DeBelo 534D 557
Boat Opener 58.8 56.2
Wheel Opener 45.3 50.8
Wheel Opener plus 368 41.8
53,65 1be Wheel
Hand plant in row 212 7.6
— p;é.i;.‘ e
3 peBeld, 533 5849
2 pPeSels 3640 A 3647
PeBels S7ed 4145
4l
Boat Opener 40,5 36.3
Wheel Openex S58.0 42,1

Hand plant in row 8.8 - 7.8




Analyses of variance for the gtabtle pressure plantings
for the two dates were made. The comparisons for seed and

plant attainment are shown in Tables 3 and 40

Table 3 Comparison of Germinated YJeeds
Planting Date Swd-4B

PJB.Ie Gount for & Comparisons
Repllications :
4 32 Significantly better than 1
No difference between 4, &, and 2
é 20 8ignificantly better than 1
No difference between 3 and 2
2 24 8ignificantly beiter than )
b 3 1L

There were no significant differences in either
germinated seeds or total plants for the seeding made on
Spril 7, 1948. Howsver the trend was in faver of heavier

compastion,

No analysis was made including the mechanleal seeding
unite sinee there was insufficient room to permit replicae=

tiong. Table 2 showg the boat opener was slightly belter
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Table 4 Comparison of Total Plants
Planting Date Swiw48 -

Count for &
PueBale Comparisons
Replications :
4 48 Highly significant over 1
84ignificantly better than 2
No difference between 4 and &
.9 o9 Highly significant over 1
. No aifference betwesn 3 and 2
2 32 Highly significant over 1
1 1l

than the wheel opener and both were much better than the
hand planting. It was noted, in the vase of hand planting,
that the soil dried out quickly down to the sgeed depth.
There was no compaction of the scil in the ease of hand

planting,

Summer - 1948.
Eguipment. The 63.56 pound castelron wheel was found to
be unsatisfactory for packing the goil.(Fig. 15) 1In order

to arrive at compaatiah of the soil over the planted éeed,
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such as was attained by means of the static pressure method
{.e. without cracking of the surface) a bloyele tire come’
packion unit was devised as shown in Flg. 16. In operation
the tire was run slightly deflated (inflation pressure
apprdximately 14 pounds per square inch) which resulted in
& fairly large flat surface in con_isact with the goll at any
glven time, This arrangement permitted a compaotion of the
goll without the undesirable cracking condition as caused by
the 53.5 pound wheel.,

"In the field experiments the force of the bieycle tire
on the soill was varied by adding weights to the box at Hah
in Fig. 16 The weights in the box were regulated so that
the tire exerted forces of 58 and 100 pounds on the soll.
As a laboratory cheok on the tire area in contact with the
goil, the tire was placed on a aheét‘ of paper, welghlts were
added to the box "a', and a record made of the area of the
tire in contaot with the paper. The results are shown in
Table 4.

Flg. 17 ehowe an underneath view of the planter as used
for the 1948 summer experimental plantinga. The only change
was the addition of the rotary tillage unit shown at *a" in
Fig. 17, The rotary tillage unit was introduced ae a




Fige 16 Bioycle Wheel Arrangement for Compaoting Soil

Around the Ssed. Shown in Position on Planter.

Table 4 Force on Tire vas. Tire Apres in Contact with
Paper. Tire Inflated to 14 P.S.I. at Start
of Test.

Waight at 9a%, 1bse 26 46 56 70

Force on Bicyele Tire, lbs. 68 100 122 166

Tire Area in Contaet, 8¢, In. 5.8 76 8.1 9.8

variable with the alm of determining what effect a finely

pulverized seedbe@ might have on emergenae.




Figs 17 Underneath View of lichigan Btate College

Experimental Sugar Beet Planters

Degign of field experiments. Fig. 18 shows the deslign
of an egperiment which was performed at four different

times. Two furrow openers, three packing procedures, and
two variations in pre«geeding robtary tillage gave a total
of twelve experimental combinations. The experinental

planter was & two-row machine and planted one conventlonal
or check row for each experimental rew. The experimental

combinations are shown on Fig. 18

Observations and gtand counts on early-season plantings
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indicated thet the wheel opener appeared to be giving better
resulie than the boat opener, Also it was desired fo tesﬁ a
heavier compaction than any of those indicated on Fig. 184
Congequently a fifth experiment was made, ubiiizing the
wheel opener only« The layout of this experiment and the

variables are shown on Fig. 19.

Tegt resultgefour field experiments. Two hundred-inch

standecounts of emerged beets were made oh each row, both
for the experimental and the paired check rows., Planting
dates for the first four experiments were made on May 2,
May 22, June 16 and July 20, 1948, Analyses of varlance
ware made of all data. The results of a comparigon of
experimental treatmente wlth paired check rows for four
experiments is shown in Taﬁle Bs A comparison of experie
mental treatments only 14 shown in Table 6. The experi-

mental variables were as follows:

0y = Wheel opener. (See Fig. 9)
Op = Boab opener. {(See Fig. 10)

Py = Bicyele wheel, 58 pounds force on soil. (See Fig. 16)
Py - Bicycle wheel, 100 pounds force on soil.
P 5 - Drag-in Only .




Fr n|/
P 7l T:| RotaryTillage in front of Opener
. 3 T2| No Rotary Tillage
Pz TZ . - /
P, T | 2 ..B,_ Drag-in only
P T F, | Bicycle Wheel 58 Lbs. force an Soil
P, T,| 6 Fe | Bicycle Wheel 100 Lbs. force on Soil.
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Table 8 A Compariason of Experimentzl Treatments Against
Paired Cheok Rows for Four Experiments.

The figures which are ghown under “Diff.? represent the &ifference between the
total for four replications of the designated experimental combination and the total
for the four palred check rows. 4 (4£) value indicates a greater number of plants ia
the experimental rows. A (=) value indicates a smaller mumber of plants in the
experinental rowg.

Planting Date Het for Experimental
‘ 4 Treatments
HwZ=48 [ T B=16-48 T=Z0=48 Experiments . t-
88 0e
Comb, Diff. Comb, Diff. GComb., Diff. Comb. Diff. Comb. Diff, No., OPT
3* 4 26 10% £ 49 gew [ g7 3 4 9 3 47 1 111
4 422 11» { 48 4 4 45 2 4 2 4 4 68 2 112
2 4 4 6 ¢ 43 6 & 26 5 £ 62 3 122
6 4 1 3 4 30 3 414 1 0 6 4+ 61 4 121
12 £ 30 A - 10 0 2 424 B 131
1 - 23 5 4 29 11 4 3 5 = 1 11 4 17 8 132
B = 23 1 £ 20 11 - B 10 411 7. 232
8 - 23 st £ 20 2 = 2 4 = 7 8 231
10 = 25 7 £19 10 - I3 6 - 9 12 - 23 9 221
11 « 27 &2 4 8 12 « 14 9 ~ 34 1 - 29 10 222
8 « 38 9 £ 7 8 =22 8 w47 7 w72 11 212
12 - 39 1 - 26 7 - 59 9 - 86 12 211
7 - 41 8 =« 39 9 < 36 12 Lost 8 146

®* Indlcates that the experimental treatment was significantly better than the
paired check rows.

¥## . Indlcates that the experimental treatment was highly significantly better
than the palred check rows,
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Ty ~ Rotary tillage in front of opener,
Ty « No rotary tillage in front of opener.

Table 6 Summary of the Analyses of Variance for the

Four Experiments.

Planting Date

Comparlison .
SwluwdB LwlZed8 GolEedB T=l048
6] Oq % O e Oy @ Oy tree
P ——— ————— ——— S
Comparison of T ——— Tz* Tz* O
axperimental OxP % - —— -
treatments only. O x T o W e -
PXT  wwnm — v—— —omosvn
OAPET  werem *e i I
Experimental treatw an lo* pew
ments better than 2% JR——
paired eheck.rows. | 1%

* Significant (at 5% point)
#% Highly significant (at 1% point)

The comparison of experimental treatments only indicates
that the total for the wheel opener (0y) was better at every




date than the boat-type openers Without pre-gseeding rotary
tillage (’1‘2) was equal to or better than rotary tillage. The
comparison of experimental treatments with palred check rows
indicates ne experimental treatment beling better for all
planting datess A summary of the variables in the five
treatments showing significance follows:

Treatment Opener Pre-geeding Force on goll

rotary by bicycle
munber type tillage wheel
2 wheel ~ no 58 1bs.
o wheel no 100 lbe.
6 wheel yes drag-in only
10 boat no 100 lbs.
1l boat no 58 lbas

A study of the data shown in Table 5 shows that in 23
cages out of 48 the experimental counts were greater than
for the palred cheeck rowsa, even though the differences may
“have or may not have been statistlieally signifieant. A
gunmary of the number of timea each variable occurs in the
23 instances shows:

The whesl opener appears 16 times

The boat opener appears 7 times

Without pre-seeding rotary tillage appears 15 times
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With pre-seeding roftary tillage appears 8 times
Compaction « 100 pounds wheel foree appears 10 times
58 pounds wheel force appears 6 times

Drag-in only appears 7 times

- Test resulte-fifth experiment. The layout for the
Fifth experiment is shown in Fig. 19. The comparison of

experimental treatments with palred check rows is shown in
Table 7. The oode for experimental treatments 1s also glven
for convenience in comparison. Table 8 shows a comparison

of experimental treatments with each other.

The analysis of variance for the experimental treat

menté algo showeds:

1. Pre-seeding tillage was not significant.

2. 155 pounds force (by the bieycle wheel) was highly
gignificant over 58 poundg force and over drag-in
only. There was no gignificant differencs between
156 and 100 pounds force. There was no difference

between 68 poundg foree and drage-in only.




Table 7
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A Comparison of Experimental Treatments with
Paired Check Rows for the Fifth Experiment.

The figures which are shown under "Diff." represent the

dlfference between the tolal for four repliecations of
the designated experimental treatment and the total for

the four palred check rows. A (¢#) value indicates a

greoater mamber of plants in the experimental rows. A

(=) valus indicates a smaller number of plants in the

experinmental rows.

Treatment Diff. Variables

Ho. P T
g 447 2 2
#24 3 1
4 £ 7 2 1
6 -4 3 2
1 -10 1 1
7 -11 4 2
2 -18 1 2
8 -30 4 1

Pyp=Drag-in only.

Pl-Bicyele wheel, 58 lbas. force
Py~Bioyele wheel, 100 lbs. force
Pp=Bicycle wheel, 1556 lbs. foroce

Iy~Pre=-geeding rotary tillage
Tguﬁa rotary tillage.

#* Indicates that the experimental treatment was
significantly better than the palred check rowa.
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Table 8 A Comparison of Experimental Treatments with
‘Bach Other for the Fifth Experiment.

-

| Facw* Treat. OGCount

Comparison

for 4
tors Hod rapsde |
Pz Ty - B 212 H.8. over l, 8, Sig. over 7, 2
' No diff. 6, 6, 3, 44
PS Tz 6 19? g-s; ovex l. 8. No dirf. 6’ .3. 4.
S
Pp To 3 184 H.8, over 8. 8ig. over le
No aiff. 5, 4, 7, 2
Py Ty 4 182 H.8. over 8. ﬁo diffe 4, 7, 2, 1o
Ppp 7 177 H.8, over 8, Ne d4iff, 7, 2, 1.
Py T2 2 174 H.S, over 8, No aiff. 2, 1.
Py By 1 150 No diff., between 1l and 8¢
Py Tl 8 125

thls experinment.

HeBs = Highly significant (at 1% point)

Sig. = Bignificant (at 5% point)

No 4iff. = No difference betwecn.

* HNote that the heavlieat compactlon (Pz) was best in

Note that all four top treatments are the heavier

paokingse

Compaction teats. A measure of relative compaction
effeet on the aoll was obtailned during the winter trials by




by means of alr permesblility testee The method of alr
permeability was not deemed satisfagtory for field tests
since & small break in the soil would prevent the proper
funetioning of the unit. In order to test the relative -
compaction effects of differenb treatments the recording conw
paction unit shown in Plg. 20 was designed and constructed.

Its function is as follows:

Crank "at is turned, which by means of a rack and
pinion arrangement forces tube "b' downward. Cylinder "ol
and 1lire "a" contain oil. A piston in the lower part of
cylinder %o ig connected to rod "e". Soil probe "f£¥, which
18 attached to "e' is forced into the soll as erank "aM 4g
turned. As soil probe "' is forced into the soil oil
pressure causes the recorder arm to indicate the force
required to push the probe into the zoll., In order to obtain
a record of the foree at any given depth the chart "g¥ 4g
caused to rotate by means of the string "h"., The atring "h¥

- passes around a drum which in turn is attached to the rear of

the plate to whieh the chart 1# fagteneds &oll probes of
different diameters may be readily installed since the rod Yed
is threaded at the lower end. Probes of five dlameters were
nachined in order %o provide sufficlent flexibility for
varying soil herdnessess The dlameters were 1, 3/4, 1/2,




Fig: 20 Recording Soil Compaction Testers

3/8, and 5/16 inches.

It was necessary to calibrate the unlt for both depth
and forece in pounds. Suitable charts were made as shown in
Fige 21

Fig. 22 ghows the layou?t of the plots for fleld come
paction testa, The plot was one of those used earller in

the season for emergence tests and the soll was clasaifled
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Fig.22 Recording Soil Compaction Tester:




ag a sandy loam. The campletawplut'was plowed, disced, and
dragged. Portions were cultipacked as shown in Figs 22,
Two chart readings were taken at each number indicated on the
figure, Each treatment was carried out in four places and
gince two chart readings were taken at each point there were
eight tests or replications of each treatment. The variebles

ugad were!

Let: %o
W1 & Experimental whesl opener. Blcycle wheel

8tandard opener and press wheel unit.

"

exerting 58 pounds force on soll.

Wo » Experimental wheel opener. Bileycle wheel
exerting 128 pounds force on soil.

Wy = Gxperimental wheel opener. Biocycle wheel
exertiag 207 pounds foree on goll.

Og = No opener (unpacked solil).
0y = Experimental wheel opener.

Op = &tandard or conventional opener.

Og = HNo cultipacking.
Cy = Cultipacked once,
0o = Cultipacked twice.

Table 9 6hoﬁs the variasbles and loeatlons for sach

treatment used in the compaction tests.
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Table © Treatment Code for Compaction Teats

Treatment  Planter Treatnent

Opener Cultipseking Locations
No. Compaction , on Flg. 22
Wy _ Oy Oy L 2 3 4
Wy Oy Oy 6 6 7 8
Wy Oy Cy 9 10 11 12
4 Wg 01 01 13 14 156 16
Vo 0y G2 17 18 19 20
6 Wo Oy Co 21 22 23 24
v Wa O Gy 20 26 27 28
L1 0y Cp 29 30 31 32
1) : W3 0y Cp 35 34 356 36
10 Yo Op Oy 37 38 39 40
11 Yo 0p Gy 4] 42 43 44
iz Wo 02 Co 46 46 47 48
13 Ho treatment after dragging 49 50 B1 62

14. Practor wheel packing, two times 53 54 55 56

Fig. 21 shows the echart for the first test at location




number 4%7. This chart is a typleal one of the group and
ghowg the foree rapidly inoreasing for the first two inches

" in depth and then remaining approximately the same until the

probe reached plow depths AY plow depth the force started
incraaalng rapidly ané the indicator scon went off the chart
1f the teat was continued. The 1 inch probe was used in all
tegts. Table 10 summarizes the readings at one inch depth.

Tostis were made of the compacting effeet of places
where the rear tracter pneumatie tire had passed two times.
The data shown in Table 10 were analyzed statistleally.
Table 1l shows a comparison of the treatments. The come
parisons indicate that the effeot of the tractor tire was
very large =8 compared to any of the other treatments, It
may also be noted that the effeet of oullipacking hended %o
caunge a higher reading than any of the forces exerted by
the bicycle tire. ' .
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Table 10 Soil Compaetion Tests. Penetration
Forge in Pounds at One Ineh Depth

Tregtw

Trog | Replication ggggtn

"1 2 3 4 5 6 7 8 Totals
1 30 30 30 30 15 30 20 46 240
2 76 36 26 30 60 40 586 56 385
3 2 20 20 26 16 20 20 26 1%
4 66 30 30 35 30 40 30 26 286,
& 456 40 456 30 40 50 86 36 320
6 30 25 26 20 20 26 26 36 206
? 60 26 25 40 36 35 45 40 306
8 BO 30 46 46 50 26 40 45 330
9 30 16 30 30 60 46 20 20 240
10 55 86 25 26 30 35 25 66 O16
11 35 40 40 20 26 36 45 26 265
12 25 15 20 20 B0 16 156 16 175
1 10 10 10 10 10 16 10 3 110
14 125 65 110 80 116 80 135 125 835
Tothls 640 465 480 440 545 490 510 580 4150

% Treatment Code on page 59.
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Table 11 Comparison of 50i) Compzotion Effacte of Fourteen Treatmenta,

Ibs, Fores Yo, Times Treat- Total
on Soil) By Soil Culii~ Opener nent ibhs, Comparlson of Treagtments
Experimen~ packed Ho. for 8
tal thesl ' Reps.
Tractor vheels 2 x L 835 H.S, over 2 %o 113, ) ’ ]
58 2 B 2 355 H.S, over 6 to 13, Sig. over 11.9.1, Fo diff. 2 to &,
207 2 B 8 336 H.S. over 6 to 13, Sig. over 9.1, ¥o 442, 8 to 11,
128 2 E 5 320 H.S8, over 12 to 13, Sig. over 6, ¥o Mff. 5 te 1.
- 1 8 10 315 E.5. over 12 to 13, Sig. over 6, ¥o diff. 10 to 6.
207 1 B 7 308 H.S. over 12 to 13, Sig. over 6. Yo d1ff, 7 to 6
128 i B b 285 H.S. over 13, Sig. over 12,3, %o diff. &4 to 6,
— 2 8 11 265 H.S, over 13. Sig. over 12.3. Yo A1ff. 11 %o 6.
207 - B 9 240 H.5, over 13. o 3iff, 9 to 3.
58 1l B p 2y H,.S, over 13, Bo aiff, 9 te 3,
128 - B 6 205 sig. over 13, Ho aiff, 6,12.3. o
——rem - s 12 175 _ Ko aiff. 12.3.13. i
58 - b 3 170
Ho treat-
nent afbe ;
er drag- j
ging 13 110 §
H.8. Highly Bignificent, or Significant at the 1€ point,

Sig. Significent at the 5% point,



CONGLUSIONS

le An experimentasl whesletype furrow opener showed
promise of improving emergence over that of the conventional
planter. The wheeletyps opener consisted primarily of a 3/4
inch thieck eircular plece of plate steel of 7 inches pradius,
the outer 1 inoh being beveled to a thickness of 3/8 inch.
Sulbtable depth control was provided and the opener rolled a.

sead path into the gsoll.

2 'The maximm static pressure used for soil compastion
in the laboratory plantlng tests was 4 pounds per square
inch. Compactions resulting from a stable pressure of 4
pounds per square inch were found to be gtatlistleally better,
as neasured by plant emergence, than compactlions obtained by
the wmpplication of lower pressures down to 1 pound per square

inche

d» The compaction of the soll at the bottom of the
seed track made by the wheel opener was equal to that caused

by a statle presgaure of about 2 to 3 pounds per squars inch.

4e 4 comparison of experimental openers indlcated the
wheel opener to be much better than the boat-type Lurrow

opsner.s The boal~type opener which received its name from the




84

rounded bottom and boate-shaped prow, wag slid through the
a0l to form a rounded =2nd compacted place for deposlting

the geed.

5. A pneumatio compaotion wheel which imparted 2 uniw
form and conaslstent preasure upon the soll wae found to be
better than a casteiron compaction wheels The solld cagbe
iron wheel teunded %o cause cracks o be formed in the soil
with resultant drying out of the seed beds OGreater unib
oreseures by the opneumatic wheel resuliing in heavier goll
compactions around ths ssed were found fo give better emere
genee than the lighter compactions, especially under drier

aecedwbed conditions,

6. Alr permeabiiity tests, which consigted of dstere
nining the time required for a given volume of air to pass
through a soill sample, were satisfactory for comparing soil
compaction effects in the greenhovse but were not considered
sultable for flield use. A new machine wag developed for
asourabtely measuring soii compaction in the £leld and was
succensfully used o compare various soil compaction treale

mentde

7« The investlgatione indlcated that pre-seeding rotary

tillage wag of 1little or no value.
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- SUMMARY

The production of sugar beebs requires two prineipal
labor peaks; one for spring blocking and thinning and the
other for harvest Ain the fall. MNuch progress has been made
in the mechanical harvesting of sugar beets and commerecial
machines are now available which will succesgsfully eliminate
hand labor. Progress has also been made in seeding machines
and planting teehniques but much hand labor is atlll the
rule for spring work. This 1nvest1gation was made to debere
mine aome of the factors which influence emergence of sugar
beets and to deviae ways and means of lmproving the emer
gonoe, The long-~time objective is the elimination of hand

work from the production of sugar beetse.

Research on planting equipment has been carried on
along two main lines: | ‘

1. Precision planting. Ag late ag 1950 sugar heet
drills were made to scatter along the row approximately
15 to 20 pounds of whole geed per acre, HMachines now
available are esapable of metering and distribuiing

about 4 pounds of segmented seed per acre.




2. The determination and improvement of those Ffaotors
which may Aimprove the effeetiveness of planters or
planting methods on fleld germination. Some progress
has been made in this work bub new devices or fechw
nlques must be proved in the field over a period of

years.

A new type of rolling wheel furrow opener was designed
and used in the experimental work. The results of field
tests indicate that certain planting treaitments which include
this opener are better than econventional planting methods
but final Jjudgment must be reserved until the opener has

been tried for nmore ceagond.

A pneumatic compaction wheel was found to be better than
a ecast-iron compaetion wheel, Larger forces by the compaction
wheel regulting in heavier soil compactions around the sgeed
were found to glve hetter emergenve than the lighter come

pactions; eapecially under drier seed-bed eonditions.

Greenhoune tests were used to determine the comparative
performance of the experimental openere with the performance
of plantings made under conditions of known compactions Comw

pactions resulting from the application of a stalle praessure
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of 4 pounds per square inch on the soll were found %o be
better than compactions obtained by the application of

1 pound per square inch.

It was found that air permeability tests of soil were
a satisfastory method in the laboratory of comparing the
compection effects of furrow apeners wilth the effects of
known static pressures on the solls The checking of
planting procedures by laboratory and greemhouge experiw
ments pernitted planter research to be carried out more

rapidly than by usual summer field experiments only.

A machine was designed and consitructed for recording
the foree required to push a probe into the soll. The
machine was successfully used to evaluate compaction

treatments used in the planting experiments.
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