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W alter Um C arleton

2* The determination and &mpr€>r®mmt of those elements 

which may l improve the effectiven ess of planters or 

planting methods ©n f ie ld  gemination* ■ Some progress 

has been made In th is  work but new devices or t©oh« 

nlques must be proved in the f ie ld  over a period of 

years*

. A nm  type ©f ro llin g  wheal furrow ©peiier was designed 

and used in the experimental work.' The resu lts ©f f ie ld  

te s t s  indloate that certain  planting treatments which include 

th is  opener are batter than ©onvantlon&l planting methods 

tent fin a l judgment must be' reserved u n t il  the opener has 

been tried  for mor© seasons*

A pneumatic compaction wheel which imparted a uni

form and consistent pressure upon the s o i l  was found to be 

better than a cast-iron  compaction wheel* Greater unit 

pressures by the compaction wheel resu ltin g  In heavier 

s o i l  ©ompaetlotte around the seed wars found to give hotter 

emerges©® than the lig h ter  compactions* especia lly  under 

drier seed-bed conditions*

Qrsenhous* te s ts  were used to determine the compare?- 

t iv e  perfoimanoe o f the ©xpsriaental openers with th© per

formance of plantings made under conditions o f known ©ompa©*®



W alter M. G a ria  ton

t io a . Compactions resu ltin g  from the application of a 

s ta t ic  pressure of a maximum of 4 pounds per square inch on 

the s o il  m re  found to be s ta t is t ic a lly  better m  measured 

by plant emergence* than compactions obtained by the appli

cation of lower pressures down to 1 pound per square inch.

I t  was found that the a ir  permeability te s t  of s o i l  

wm  a sa tisfactory  method In the laboratory o f comparing the 

compaction e f fe c ts  of furrow openers with the e f fe c ts  of 

known s ta tic  pressures on the coil* The ©hooking of 

planting procedures by laboratory and greenhouse experi

ments permitted planter research to be carried out more 

rapidly than by usual summer f ie ld  experiments only.

A new machine for more accurately and s c ie n t if ic a lly  

measuring the compaction of s o i l  was designed and built.- 

This machine was successfully  used to evaluate compaction 

treatments used In the planting experiments and provides 

a valuable to o l for us© in  so ils*  planting* and t i l la g e  

research*'
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INTRODUCTION

Sugar b e e ts  provide approximately 25$ o f  a l l  the sugar 

consumed in  th e  United S ta te s  (5 ) .  According to  th e United 

S ta tes  Department o f  A gricu lture (21) the average annual 

acreage o f sugar b eets In the Unli«d S ta tes  v a r ie s  from about 

750,000 to 1 ,000 ,000  acres* Production In the Eastern area  

(p r in c ip a lly  Michigan and Ohio) for  th e  la s t  20 years has varied  

from a low o f  about 12 percent to  a h igh  o f about 25 percent 

o f the n a tio n a l to ta l  (4)*

A great d ea l o f  e f f o r t  has been put forth  to  mechanise 

the production o f  sugar b e e ts  In an attempt to  lower the  

h igh  production co sts  ivhlch are prim arily  due to  the large  

amounts o f hand labor required  during two d is t in c t  labor  

peaks* Mervine and McBlrney (16) quote C a liforn ia  fig u res  

showing that 75 man hours labor were required (year 1936) 

to  groiv a crop* The spring work o f  hoeing and th in n in g  

accounted fo r  36 percent o f  the t o t a l  w hile 33 percent were 

required for topping and load ing a t h arvest time* Common 

p r a c tic e  was and i s  y e t to  accomplish th ese  labor peaks by 

the use o f tra n s ien t or contract labor* Thus there was a 

danger o f lo c a l  shortage o f  labor even during p eriods o f  

unemployment*



Much progress has been made toward m echanization o f  

the harvest work* According to  McBlrney (14) the acreage 

o f  b ee ts  m echanically harvested  previous to  1943 was 

n e g lig ib le .  He s ta te s  th a t in  1944, seven  percent and in  

1946, tw elve percent o f  the U.S. acreage was harvested  

m echanically . C a liforn ia  growers harvested  approximately 

60 percent o f  th e ir  1945 crop by m echanical means. (82) 

Gardner ( 6 ) in d ic a te s  th a t in  Michigan in  1946 probably  

l e s s  than 5 percen t o f  the sugar b eet acreage was harvested  

m echanically | in  1947 the percentage would probably be 

nearer 2 0 .  Walker (82) su ggests th at th e  immediate problem 

b efore the sugar b eet industry i s  no lo n g er  one o f  

f e a s ib i l i t y  o f  mechanization (o f  h arv est) but one o f  programs 

o f  development which w i l l  bring to  g re a te r  p e r fec tio n  the 

m echanization now e s ta b lish ed .

Zn order to  com pletely mechanize sugar b eet production  

th e evidence above in d ica tes  that the emphasis must now be 

la id  on m echanization o f the spring work. The Michigan 

S ta te  C ollege p r e le c t  on sugar beet p la n tin g  mechanisms 

and techniques was in i t ia t e d  in  the sp rin g  o f  1946.

H entschel (8 ) s ta te s  th a t the problem was to  determine the  

e f f e c t s  o f  variou s methods o f  mechanical seed bed prepara

t io n ,  in clu d in g  t i l l a g e ,  seed placem ent, seed coverage, and 

s o i l  compactness over the seed .
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REVIEW OF LITERATURE

Problems o f  Sugar Beet Seeding Machines

H is to r ic a l

The problems Involved in  p lan tin g  sugar b ee t seed  

have long been a source o f  study# Grant (7)# previous to  

the year 1880, made a t r ip  to  France to  In v estig a te  the  

cu ltu re  o f  sugar b eets and the manufacture o f  sugar with the  

in te n t  o f  e s ta b lish in g  th e industry in  I l l in o is #  In h is  

work d escrib in g  h is  fin d in g s  he wrote?

The ir r e g u la r ity  in  s iz e  and shape o f  b ee t seed 
renders i t  necessary to  su bject i t  to  ce r ta in  trea t
ments in  order to  f a c i l i t a t e  the operation  o f  sowing, 
and to  prevent th e  c logg in g  o f  the machine, the r e su lt  
o f  which would be to  leave  long spaces in  th e l in e s  
(rows) w ithout any seed# This prelim inary treatment 
a lso  f a c i l i t a t e s  i t s  germ ination, and in  a measure 
guards i t  again st d estru ctio n  by in sec ts#

The seed  should be passed through a screen  w ith  
meshes s u f f ic ie n t ly  f in e  to  r e ta in  a l l  th a t would not 
pass e a s i ly  through th e gauge th a t  reg u la tes  the  
passage in  the machine#

The seed  which do not pass must be rubbed between 
two boards and p a r t ia l ly  crushed, in  order to  reduce 
those which are la rg e  and ir re g u la r ly  formed to  a s iz e  
that perm its th e ir  easy transm ission  through th e screen#

As soon as th e seed are sown the ground should  
be ro lled #  This h asten s germination# The b ee t r o l le r  
i s  a c a s t- ir o n  one, in  jo in ts  or s e c t io n s . The r o l le r  
should fo llo w  the l in e s  made by th e  seed-sower as
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ex a ctly  a s I s  p ossib le*

In  a d d itio n  to  d iscu ssin g  the a c tu a l seeding work 

Grant d iscu sse s  a method used at th a t tim e for m echanically  

block ing the b e e ts  to  reduce the hand lab or requirement* He 

adds:

In  many p arts o f  Europe the farmer not only runs 
h is  c u lt iv a to r  between the rows, but a lso  across them, 
leav in g  h is  p la n ts a t  the corners o f  squares eighteen  
inches apart each way, thus doing almost a l l  h is  work 
w ith a h orse cu ltiv a to r*  * . •

The use o f  the horse c u lt iv a to r  i s  not re commanded 
as i t  le a v e s  th e p la n ts  too fa r  apart in  the lin es*  In  
some ca ses  the hand hoe { “r a s e t te  a main8) i s  used fo r  
both o p era tio n s, and o ften er  s t i l l  fo r  c u lt iv a t in g  
aoross th e  lin es*  The "rasette  a main8 i s  mounted on 
low w h eels , and i s  a  sp ec ies  o f  th ru st hoe and 
c u lt iv a to r  combined* • • •

In  case the f i e l d  i s  not c u lt iv a te d  across the  
l in e s  e i th e r  by the horse or hand r a s e t te ,  i t  i s  
n ecessary , as soon as c u lt iv a t io n  between the l in e s  
has taken p la ce , to  th in  out the b e e ts , lea v in g  s in g le  
p lan ts stand in g , from twelve to  fourteen  inches apart 
in  the rows*

The gen era l use o f  segmented seed  has come in to  

ex is ten ce  s in c e  1941 when Bainer (2) succeeded in  success

f u l ly  reducing the number o f  germs per seed unit* Attempts 

to  reduce f i e l d  th inning o f  excess p la n ts  had been p rev iou sly  

t r ie d  with l i t t l e  su ccess . Palmer (18) w riting  In  1918 

mentions attem pts to  p lan t b e e t -b a lls  in  paper tubes in  a
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seed-bed* The b eets  were thinned w hile In  trays* conveyed 

to th e  f ie ld  in  tra y s and p lanted  in  the tub es. This was 

found to  be to o  expensive. Palmer furth er continued?

At the same time a German seed grower t r ie d  to  
obviate th e  n e c e ss ity  o f  thinning* by passing the  
seed -b a lla  through a g ra ter  and cracking them Into  
severa l parts* Some o f  th is  cracked seed was placed  
on the American market* but d id  not g iv e  sa t is fa c to r y  
resu lts*  The drawbacks to  t h is  method were both  
numerous and serious* Some o f  the seed  germs were 
destroyed in  the cracking machine* Others were 
exposed and the fu n ction  o f th e b e e t -b a ll  to  regu la te  
the germ ination was destroyed* The oxa la tes in  the 
b e e t -b a ll  did not perform th e ir  fun ction  o f  p ro tec tin g  
the young p lant from i t s  m loro-enem ies. And f in a lly *  
u n less a large p ortion  o f  the germs were ru in ed , I t  
was im possib le so to  crack the b a l ls  but th a t many 
o f  the p ie c e s  contained  more than one germ and the 
f ie ld  had to  be thinned as usual*

With these experim ents in  mind, th e w r iter  
(Palmer) cracked open and examined thousands o f  
b eet-seed  b a lls  and f in a l ly  concluded that th e only 
manner in  which the d esired  r e s u lt  might be a tta in ed  
would be to  breed a s in g le  b ee t-b a ll*

P resen t problems

The problems which Grant d iscussed  about s ix ty  years 

ago have not been e n t ir e ly  solved  a t t h is  date but progress  

has been made* Walker (23) in  d iscu ssin g  th e  trends in  

sugar beet machinery in  1942 sa id  th a t f lu te d  feed  d r i l l s  

had been g en era lly  used up to  about 1 0  years previously*

The d r il le d  b e e t  seed lin g s came up more or le s s  in  clumps 

of se ed lin g s . The need for a s in g le  seed -b a ll p la n ter  was
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evident* Mervlne and McBlrney (1?) In 1939 reported  on th e  

development o f  s in g le -se ed  planting* These two men 

developed a ch a in -feed  s in g le  drop p la n ter  which gave 

s ig n if ic a n t ly  more uniform spacing o f  the seed but they 

concluded th a t the extra  c o s t  o f  manufacture was not 

J u s t if ie d  provided the conventional p lan ters were equipped 

w ith proper p la te s  for  s in g le  seed ing.

The research  on and development o f p lanting equipment 

i s  an in d ir e c t  approach to  th e problem o f the m echanization  

o f  production . McBlrney (12) s ta te s  th a t the production  

o f sugar b e e ts  requ ires approximately 1 0 0  man hours per acre  

where m echanization o f  th inn ing  and harvesting  i s  not 

p ra cticed . Approximately on e-th ird  o f the 100 i s  required  

for  hand th in n ing  and hoeing the crop. McBlrney further  

s ta te s  th a t most o f  the p lan ter  development so fa r  has been  

concerned w ith  in v e s t ig a t in g  p lanter c h a r a c te r is t ic s  

a ffe c t in g  seed  d is tr ib u tio n . The r e s u lt  has been su cc ess fu l  

s in g le -se e d  p lan ters and p r a c t ic a lly  a l l  commercial p lan ters  

are now o f  the s in g le -se ed  typ e . The success o f  s in g le -se e d  

p la n ters to g eth er  with segmented seed has reduced seeding  

r a te s  from about twenty pounds o f  whole seed per acre in  

1930 to  about four pounds o f  segmented seed per acre at th e  

p resen t tim e ( 8 ) .
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I t  has been sta ted  above that one o b jec tiv e  o f  p lan ter  

development has been to  a f f e c t  good seed  d is tr ib u t io n . This 

o b je c tiv e  has been at le a s t  p a r t ia lly  a tta in ed  in  present day 

planters* Therefore g rea ter  emphasis may be la id  on 

attem pting to  determine th ose  fa c to rs  which may improve the 

e f fe c t iv e n e s s  o f  p lanters or p lanting  methods on seed  

germ ination.

In order to  mechanize the th inn ing operation i t  I s  

necessary th a t the proper stand o f b e e ts  be secured. Reeve 

and Rlchol (19 ) g iv e  data from a f iv e -y e a r  study o f per-acre  

p la n t populations on 50,000 acres lo c a te d  around S t. Louis, 

Miohlgan. They define a 100 percent stand as one b eet  

every 12 in ch es in  22- in c h  rows or a t o t a l  o f 23760 b ee ts  

per acre. I f  28-inch  rows are used then  the b e e ts  need be 

c lo s e r  together to  obtain a 100 percent stand. The data  

show that the average y ie ld  o f  b eets  decreases as the number 

o f  b ee ts  per acre decreases. I t  i s  shown that th e average 

w eight per b ee t  does not in crease s ig n if ic a n t ly  as th e number 

o f  b ee ts  per acre d ecreases. These data show the Importance 

o f  proper seed ing technique.

Factors Which In flu en ce Emergence o f  Sugar B eets  

Xoder (24) l i s t s  the fo llow in g  s o i l  fa cto rs as d ir e c t ly
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in flu en c in g  th e growth o f  roo t p lan ts:

1 . S o il-w a ter  supply 4 . P lant n u trien t supply

2 . S o i l - a ir  supply 5. Depth o f  rootbed , and

3 . S o tl-h ea t r e la t io n s  6 .  Presence or absence o f

in ju r io u s su bstan ces. 

According to  H offer (9) su rface crust sometimes smothers the  

r o o ts  o f  young p la n ts . Balner (1 ) s ta te s  that weather 

hazards w i l l  continue to  be one o f  the c o n tro llin g  fa c to rs  

in  obtain ing sa t is fa c to r y  stands even though th e b e s t  a v a il

ab le  p lan tin g  equipment and seed i s  u sed . McBlrney (11) 

concludes that:

The wide v a r ia tio n  in  f i e ld  emergence on hundred 
Inch counts with even th e b est types o f openers on what 
are apparently good seed  beds seems to  in d ic a te  that our 
seed beds are too v a r ia b le  and not as good as they  
should b e . We know from grease-board t e s t s  th a t the  
v a r ia tio n  In seed drop In hundred inch  runs i s  not g rea t  
and that the extreme variance in  emergence must r e s u lt  
from some other cause. Further work to  ob ta in  
improved and more uniform emergence should in clu d e  
stu d ies  o f  seed beds and bed preparation  in  ad d ition  
to  that on p lanting equipment.

Tolman and Stout (20) made a comparison o f  the gem ina

t io n  o f  sheared sugar beet seed , whole seed b a l l s ,  and 

naked seed u sin g  b lo t t e r s ,  s o i l  in  s p e c ia l  g la ss  gerraln- 

a to rs  and a lso  on the. greenhouse bench. They found th a t  

very few seed lin g s  from naked seeds and im perfect sheared
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seeds emerged from the s o i l  when p lanted  more than one-half 

Inch deep* They sta te  th a t the optimum depth o f  p lan tin g  

fo r  both whole seed and sheared seed i s  that they should be 

planted  Just as shallow as m oisture w i l l  permit* Depth o f  

p lan tin g  should th erefore be governed by s o i l  m oisture and 

not by kind o f  seed planted*

Baver (3 ) d iscu sses  th e  s ig n if ica n ce  o f s o i l  structure:

I t  i s  known th a t p lan ts requ ire nutrients#  water, 
and a ir  fo r  growth* The amount o f  n u trien ts in  the 
s o i l  i s  u sua lly  taken as an index o f  f e r t i l i t y .  The 
a ir  and water r e la t io n sh ip s  are dependent upon 
structure* , • • The growth o f  p lan t ro o ts  and the 
germ ination o f  seeds require favorable con d ition s for  
r e sp ir a tio n . I f  th ere  i s  a lim ite d  supply o f  oxygen 
w ithin  th e s o i l  as a r e su lt  o f  poor stru ctu ra l condi** 
t lo n s , r e sp ira tio n  p rocesses are hindered: germination  
and growth are retarded* Moreover, a sm all root system  
r e s t r ic t s  the volume in  which n u tr ien ts  are a v a ila b le  
to  the p la n t. Consequently a low a ir  capacity  may 
a f fe c t  p lan t development in  more than one way*

These fa c ts  in d ic a te  th a t abundant n u tr ien ts  in  
the s o i l  do not in su re  good crop production* The 
in v e s t ig a t io n s  o f  numerous workers emphasise that  
I n s u ff ic ie n t  a t te n t io n  has been g iven  to  providing a 
favorable environment for the germination o f  seeds and 
growth o f  crops.

Seed P la n ter  Development

The p rec is io n  p la n tin g  o f sugar b eet seed has come about 

in  the la s t  f i f t e e n  or twenty years in  an attempt to  reduce
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th e spring lab or requirements due to b lock ing and thinning*  

llervine and McBirney (17) t in  1959, reported  th a t  an In v e s t i

ga tio n  o f  commercial p la n ters  d isc lo sed  th a t none seemed to  

have a uniform ity  o f  seed drop* They developed a rather  

accurate but elaborate ch a in -feed  p la n ter  but i t s  manufacture 

was not pushed due to  improvements in  conventional p la te  

planters*

Success in  producing segmented sugar b eet seed in  1941 

(S) le d  to  th e  development o f  p re c is io n  p la n ters  fo r  seg

mented seed; Bainer (1) s ta te s  ( in  1947) that sev era l  

p la n tin g  u n it s  are capable o f  p rec is io n  m etering o f  pro

p er ly  graded seed* He a lso  s ta te s  th a t:

• . • the p r in c ip a l problem y e t  to be so lved  
d ea ls w ith  proper placement o f  th e seed in  the ground 
to  Insure maximum germination* The r e la t iv e ly  poor 
f i e l d  germ ination fo r  m achine-planted segmented seed  
In d ica tes  a n e c e ss ity  fo r  improvement o f  furrow 
opening and covering devices* P re c is io n  p la n tin g  
requ ires p re c is io n  seed  and p r e c is io n  farming p r a c tic e s  
I f  the g r e a te s t  ga in s are to  be rea lised *

McBirney (1 3 ) ,  rep ortin g  on 1945 p la n ter  in v e s t ig a t io n s  

in  Colorado, gave recommendations for  p la n ter  d esign  to  

improve seed lin g  d is tr ib u tio n  c h a r a c te r is t ic s  and fo r  

improving the percentage o f  f i e ld  emergence* The su ggestion s  

fo r  improving f i e ld  emergence were:
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1* Use more pressure on p ress wheels* p a r ticu la r ly  
on firm  seed beds. • • .

2 * I^oosen up the su rface o f  firm seed beds by surfaoe 
harrowing p rior  to  p lanting* * * •

3* Use deep concavity p ress wheels with considerable  
pressure fo r  lo o se  seed beds*

4* bevel* scrape; or smooth out the bottom o f  th e seed  
furrow b efore dropping seed . Considerable experim ental 
work should be done to  develop su ita b le  equipment to  do 
th is*

5, Use shallow er depths fo r  ear ly  p lantings when 
g em in a tio n  i s  slow and m oisture may be excessive*

6 ,  Use deeper p la n tin g s  fo r  la t e r  p lantings when s o i l  
i s  l ik e l y  to  be dry and germ ination i s  rapid*

7* Use furrow p la n tin g  only when necessary to  g e t the 
seed In to  moisture* » • •

8 * Our p lan tin gs have not shown th e ridged p lan tin g  
to  be o f  any b en efit*  * * •

Evaluation o f  P lan ting  Tests

In order to  evaluate the f i e ld  performance o f  sugar 

b eet p la n ters  some method must be agreed upon fo r  measuring 

the re g u la r ity  o f  spacing o f  seeds or seedlings* Mervlne 

(15) d e fin e s  the * stand* as being simply the percentage o f  

inches in  th e row In which b e e ts  are found* e ith e r  s in g le s  

or m u ltip les . This percentage I s  found by p lacin g  a hundred 

inch  sc a le  a long the row and recording the number o f  inches 

opposite which there are one or  more seed lin g s. For the sake 

o f  s im p lic ity  th ese  may sim ply be c a lle d  "beet-contain ing
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inches" •

INVESTIGATION

O bjectives

The o b je c t iv e s  o f  t h is  in v e s t ig a t io n  were c la s s i f ie d  

as immediate and long-tim e o b je c t iv e s . The immediate 

o b jec tiv e  was to  determine those fa cto rs*  o f sugar b eet  

p la n ters or o f  p lan tin g  technique# which a f fe c t  the germina

t io n  and emergence o f  sugar b ee ts . The long-tim e o b je c tiv e  

was to  con trib ute to  the e lim in ation  o f  the spring labor  

peak now required  in  the th inn ing and b lock ing operations*

Methods o f  Procedure

The methods o f  procedure were!

1* A b ib liograp h ic  study o f p a st research  on p lan tin g  

equipment. This research gave a good p ictu re  o f  work which 

had been accomplished to  date and suggested  c e r ta in  l in e s  o f  

atta ck  fo r  the laboratory and f ie ld  work in  t h is  in v e s t i

g a tio n .

2 . A study o f  e x is t in g  p lantin g  equipment w ith  the aim 

o f  determ ining i t s  e f fe c t iv e n e s s  in  comparison w ith  experi

m ental p la n ters  and to  determine what fa c to rs  were respon* 

s lb le  for varying performance.
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2V F ie ld  t r ia l s  o f  p la n tin g  equipment*

4 . Hand p la n tin g  t r i a l s  as a check on seeding  

equipment*

8 * Laboratory checks on p lan tin g  techniques*

6 * S t a t i s t i c a l  a n a ly s is  o f  a l l  t r i a l s  w ith  the aim o f  

determining th e  s ig n if ic a n c e  o f  any d iffe r e n c e s  in  tr e a t

ments*

7 . A lteration s, and improvements o f  p la n tin g  equipment 

based on the r e s u lt s  o f  laboratory and f i e l d  t r ia ls *

Experimental Work

Experimental p la n tin g s  were made in  the f i e l d  In the 

summer o f  1947, in  the greenhouse during the w in ter o f  

1947-48 and again  in  th e f i e l d  during th e summer o f  1948*

She experim ental work w i l l  be presented  in  ch ron o log ica l 

order sin ce  c e r ta in  m o d ifica tio n s in  equipment and techn i

ques came about a s the research  progressed*

Stammer 1947

Equipment* F ig . 1 shows the Michigan S tate C ollege  

p la n ter  as i t  was used during the 194? f i e l d  t r ia ls *  f h ls  

two-row p la n ter  was designed  to  s im p lify  th e Interchange o f  

experim ental u n its*  She l e f t  furrow opening and packing  

u n it  was taken from a  commercial John Deere sugar-beet d r i l l
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F ig . 1 Michigan S ta te  C ollege Experimental '.Two-Row 

SugsrwBeet P lan ter .

and served a s  th e conventional or check raw u n it . The r ig h t  

hand u n it was b u i l t  fo r  th e quick exchange o f  various  

experim ental furrow openers. In  a d d itio n  a heavy o a st  Iron  

packing wheel shown a t  Na N in  F ig . 1 could  be used ahead o f  

the opener I f  d esired . In  l ik e  manner th e sm all packing  

wheel 8bH cou ld  be used fo r  a fte r -se e d in g  compaction. 

Commercial Cobbley seed ing u n its  were used fo r  both rows. 

Seeding u n its  fo r  both segmented and p elleted-segm ented  seed  

were ava ilab le*  The seed ing  u n its  were ca lib ra ted  in  the  

laboratory a t  a speed eq u iva len t to  about two m iles  per hour 

and found to  be dropping segmented seed a t  the ra te  o f  3 .3
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pounds per a c r e . Since the p e lle te d  seed  u n ite  had the same 

number o f  seed h o les  and were turned a t  the same ra te  o f  

speed i t  was assumed in  the t e s t s  th a t the same number o f  

seed b a l ls  were deposited  in  the furrow fo r  e ith e r  type o f  

seed.

The f e r t i l i z e r  u n its  were driven by a ground-wheel 

separate from th a t which drove the seed ing u n it s .  The 

f e r t i l i z e r  u n it s  were ca lib r a te d  in  th e laboratory to  apply 

175 pounds per acre w ith  the seed . This procedure was in  

conform ity w ith  recommendations which perm itted up to  200  

pounds o f  f e r t i l i z e r  per acre to  be p laced  d ir e c t ly  in  the  

row w ith  the se ed . The p lan  o f  the experiment c a lle d  only  

fo r  making stand  counts o f  se e d lin g s . Since i t  was not 

planned to  grow the b e e ts  to  m aturity the a p p lica tio n  o f the  

u su al a d d it io n a l 200 to  300 pounds o f  f e r t i l i z e r  per acre 

b esid e  the b ee t  row was not deemed necessary*

Three ty p es  o f  furrow openers were used experim entally  

during the 1947 season*

1 . Conventional shoe type  

2m M.S.C. boat-type

3. M.S.C. R o llin g -d isk  type

F ig . 2 shows the shoe opener as used in  the ex p er l-
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mental combinations*

Pig* 2 Shoe-fype Opener w ith  F e r t i l i s e r  Tube fo r  D irect 

A pplication  w ith  the Seed*

An experim ental furrow opener designed by th e Michigan 

State C ollege A gricu ltu ral Engineering Department seemed to  

show some promise during prelim inary t r i a l s  in  the summer o f  

1@46« A s l ig h t ly  m odified design o f  th e  opener* to  permit 

the add ition  o f  f e r t i l i z e r  w ith  the seed  i s  shown In  F ig. 3*



Fig* 3  Experim ental Boat-Type Furrow Opener

In d iscu ss io n  o f  pre-emergence weed control i t  was 

suggested th a t  the s o i l  which has been treated  p r io r  to  

p la n tin g  should be d isturbed  as l i t t l e  a s  possib le*  This 

was suggested as being n ecessary  to prevent b rin g in g  nearer 

th e surface th ose  weed seed s  th at had n ot been damaged by 

th e  p re-p la n tin g  treatment* The opener shown in  Fig* 4 

u t i l i z e d  as a furrow-opening device a  th ree-fo u r th s  inch 

th ic k  p la te  which was machined to th ree-e ig h th s th ick n ess  

along the ou ter  edge* Runners were provided for  depth



control# This u n it  worked reasonably w e ll but was Improved 

for  use in  the 1948 season as shown in  Fig# 9 .

F ig . 4  Experimental R o llin g  Wheel Furrow Opener

She seed was su pp lied  by the Farmers and Manu

fa ctu rers Beet Sugar A sso c ia tio n  o f  Saginaw# Michigan# Three 

types were used la  the experim ental work# They were!

1# Segmented

2# Segmented, soaked in  s a l t  so lu t io n , and d ried
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3.‘ P e lle te d

The segmented seed was U .S. 213 x  216 graded through 

a 9 /6 4  Inch and over a 7 /6 4  Inch screen*

The trea ted  segmented seed  was a part o f  the same 

U .S. 215 x  216 p rev iou sly  mentioned* I t  was soaked fo r  two 

hours In water* tran sferred  to  a 2$ Ha 0 1  s a lt  b rin e  for two 

hours and then dried* The washing treatm ent was f i r s t  sug

g es ted  to  the author by Din H. S* H all* foraer ly  o f  the  

Michigan S ta te  C ollege S o i ls  Department* as a means o f  

attem pting to  overcome to x ic  e f f e c t s  as the sugar b ee t seed  

decomposes in  the so il*

She p e lle te d  seed was Ho. 801|« According to  Informa

t io n  supplied  by the Farmers and Manufacturers B eet Sugar 

A ssocia tion  th e p e l le t  m aterial* based on the w eight o f  the 

seed before p e lle t in g *  was as fo llow s!

Ouprlclde 7*5 per cen t

Treble Superphosphate 10 .0  per cen t

Inert— remainder

Samples o f  the dry segmented and p e lle te d  seed s were 

sen t to  the Michigan S ta te  seed t e s t in g  laboratory in
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Lansing fo r  germ ination t e s t s ,  The t e s t s  which showed 

on ly  the t o t a l  percent o f  germ inating seed  h a l ls  were? 

Segmented 8 6  percent 

P e lle te d  47 percent

S o il .' S im ilar experim ents were conducted a t  the  

Michigan S ta te  C ollege Farm Crops f i e l d  laboratory and on a  

farm near Breokenridge, Michigan. The s o i l  at th e Farm 

Crops laboratory was a  heavy dense c la y  loam which tended to  

erach upon drying. The s o i l  a t  Breckenri&ge was a l ig h t  

sandy loam* and although not the type o f  s o i l  g en era lly  

considered  b e s t  for  sugar beets*  th e operator was very  

su c c e ss fu lly  growing commercial b e e ts  in  the same f ie ld *

B o il compaction.  The design  o f  th e p lan ter  perm itted

packing o f  th e  s o i l  both b efore and a f t e r  the seed ing u n it .

T h is perm itted the u se  o f  four packing combinations in  the

experim ental p la n tin g s as follows?

Packing Packing ahead Packer a f t e r  
Combination o f  opener seeder

1 HO HO

2 Ho t e a

3 t e a  t e a

4  t e a  m

Combinations o f  th e  three seeds* three openers and four
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packings r e su lte d  In t h ir t y - s ix  experim ental combinations*

Th© a c tu a l process o f  p lan tin g  was s im p lif ied  a groat 

d ea l by the proper choice o f  p lan tin g  sequence* The experi

m ental p lo ts  were la id  out before p la n tin g  and numbered 

sta k es used to  in d ica te  th e  p o s it io n  o f  each* Since the 

combinations had been p rev io u sly  assign ed  randomized p osi

t io n s  w ith in  th e  b locks i t  was p o ss ib le  to  p lan t th e combina

t io n s  In any order desired* The most d i f f i c u l t  change was 

th a t  o f  in s t a l l in g  the r o l l in g  wheel openerj th erefo re  a l l  

combinations in vo lv in g  I t  were p lanted  f ir s t*  The seeding  

u n it s  were th e next most d i f f i c u l t  to  change w hile the  

packing u n it s  were the e a s ie s t*

Determ ination o f  r e s u l t s * The r e s u lt s  o f  the p lan tin g  

t r i a l s  were evaluated  on the b a s is  o f  th e percent o f  %eet~ 

conta in ing0 inches* F ig . $ shows the type o f  atand-count 

sh ee t which was used fo r  recording th e inform ation in  the 

f i e l d s  Two or more hundred inch counts were made on each 

rowv

Design o f  the experiment a—machine p lan tin g .  The 

machine p lan ted  p lo ts  were la id  out according to  a Greoo- 

- L atin  arrangement* The v a r ia b le s  o f  seed  and tim e were f i r s t  

randomized and the com binations w ith in  b locks were then  

sep ara te ly  randomized* The experim ental layout fo r  the
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Breekonrldge p la n tin g  la  shown l a  Fig# 6 *

Design o f  th e  experM ent-hand p la n t in g  In  order to  

serve as a  check on machine p lan tin g  equipment a  hand p lan t

ing experiment was made a t  the Farm Crops laboratory , The 

p lo ts  were la id  out as 4 x  4 Latin squares fo r  both seg

mented and p e lle te d  seed , The only v a r ia b le  in troduced in to  

t h is  experiment was the method e f  packing, Packing before  

and/or a f te r  the seed was p laced  in  th e hand-made furrow was 

accomplished by packing th e  s o i l  w ith th e side o f  a sm all 

round s t ic k  h e ld  p a r a lle l  to  the ground, Each p lo t  was 

f i f t y  in ch es long w ith  one seed p lanted  per inch#'

C ritic ism  o f  d esig n s, th e design  o f  the machine layou t  

made i t  p o s s ib le  to  determine the e f f e c t s  o f  a la r g e  number 

o f  v a r ia b le s  and from th a t standpoint was d e s ir a b le . Although 

the procedures which were s e t  up made th e  task o f  f i e l d  

p la n tin g  rather simple i t  was f e l t ,  a t th e  com pletion o f  the  

experim ents, th a t too la r g e  a number o f  v a r ia b le s  were being  

te s te d  and th a t a  b e t te r  d esign  would be one in  which there  

were fewer v a r ia b le s  w ith  more r e p lic a t io n s  o f  each com

b in a tio n .

Notes on experim ents,  th e  s o i l  a t  th e Farm Crops 

laboratory was a c la y  loan  s o i l  which tended to  form cracks 

upon drying. F ig , 7 shows one se c tio n  o f  a row in  the b lock
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This row was a part o f  combination n ineteen  o f  which 

the shoe-type f a r r o w  opener, was a  part* The orach shown was 

approxim ately 1 / i  in ch  wide and S in ch es deep*

F ig . f  A Clay-bossi S o il  Which Formed Cracks 

Along the Path o f  the P lan ter When 

th e S o il Pried.'

R esu lts  o f 1947 summer p lan tin g .  Stand counts were 

made and a l l  data submitted, to  s t a t i s t i c a l  a n a ly s is ;  A 

summary o f  th e  r e s u lts  showed}

1 , Hand p lanting  a t M*8#C. F ie ld  Crops laboratory; 

There were m  s ig n if ic a n t  d iffer en c e s  between any o f  th e  

packing treatm ents f o r  e i th e r  the p e l le te d  or the segmented
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seed s. U nusually favorable m oisture con d ition s were 

encountered during t i l l s  t e a t ,

8»“ Machine p lan tin g  a t the M,3.G, F ie ld  Crops 

laboratory,

(a) A comparison o f  experim ental treatm ents w ith  

paired  cheek counts showed no s ig n if ic a n t  d iffer en ce s  in  

favor o f  the experim ental treatm ents,

(b) Segmented and p e lle te d  seeds were both b e tte r  

than the segmented seed which had been soaked in  b r in e ,

There was no s ig n if ic a n t  d ifferen ce  between p e lle te d  and 

untreated  segmented seed,

(c ) A comparison o f  only experim ental treatm ents#  

showed the wheel opener to  be s ig n if ic a n t ly  b e tte r  than the  

boat or shoe openers, There was no s ig n if ic a n t  d ifferen ce  

between th e  b oat and shoe openers,

(d) There was no s ig n if ic a n t  d ifferen ce  between 

th e experim ental packing treatm ents although f i e l d  obser

v a tio n s  o f  p la n ts  favored compaction o f  the s o i l  around the  

seed ,

3 , Machine p lan tin g  a t  Breckenridge# Michigan,

(a) A comparison o f  experim ental treatm ents w ith  

paired  cheek rows showed th e combination o f  the shoe opener 

w ith  packing b oth  before and a fte r  seed ing  to  be s ig n i

f ic a n t ly  b e t te r  than the p a ired  check rows on the b a s is  o f  

stand counts. However# f i e l d  observations o f  p la n t
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con d ition s d id  not su b sta n tia te  t h is  d iffer en c e .

(b) Segmented and p e lle te d  seeds were both  

s ig n if ic a n t ly  b e tte r  than the segmented seed which had been 

soaked In  b r in e .

Co) A comparison o f  only experim ental treatments* 

showed both th e  wheel and shoe openers to  be b e t te r  than the  

b oat-typ e opener. Packing a f te r  seed ing was s ig n if ic a n t ly  

b e t te r  than no packing or packing b efore  seeding.

W lnter-Sprlng 1947*48

Plan o f  procedure. The determ ination and measurement o f  

th e  e f f e c t  o f  p lan tin g  mechanisms upon the s o i l  i s  a 

d i f f i c u l t  problem. In  order that research  on the problem 

might be continued through the w inter months* I t  was 

decided  to  p la ce  a large box o f  su ita b le  s o i l  in  th e green

house. A machine was b u i l t  to  support the p lantin g  

mechanism on th e  box and a su ita b le  arrangement was provided  

fo r  moving the machine along the len g th  o f  the box.

The r e la t iv e  compaction e f f e c t s  o f  furrow openers and 

known s t a t ic  p ressures were compared by means o f  an a ir  

perm eability  u n it  (1 0 ) . In  addition* the pre-seed ing packing 

w heel used in  the 1947 summer t e s t s  was compared w ith s t a t ic  

pressure packing.
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The e f f e c t  o f  various packing procedures on hand and 

machine p la n tin g s  were compared.

S o il .  The s o i l  used in  the t e s t s  was a Brookaton o la y -  

loam. This s o i l  was p laced  to  a depth o f  approximately 

9 inches In th e  greenhouse in  a box 3 .6  f e e t  wide and IS f e e t  

long;

Equipment;  The b oat-typ e opener a s used in  the summer 

t e s t s  did not p osses s u f f ic ie n t  f l e x i b i l i t y  to  s a t is fa c to r i ly  

care fo r  unevenness In th e  seed bed. F ig s . 8 , 9 ,  and 10 

show the mechanism used fo r  p lan tin g  in  the greenhouse.1 

F ig ; 11 shows the 53 .6  pound c a s t- ir o n  wheel which was used  

fo r  p re-seed in g  packing during the 1947 summer experim ents.

F ig . 12 shows th e method used fo r  applying a known 

s t a t i c  pressure upon the s o i l .  The e f f e c t s  o f  th ese  known 

pressures were then compared to  the e f f e c t s  o f  the experi

m ental equipment. S ta t ic  pressures o f  1 , 2 , 3# and 4  pounds 

per square Inch were used . In  p r a c t ic e , four con ta iners  

were f i l l e d  w ith  sand so th a t  the w eight o f  the container  

p lu s the b lock  on which i t  re sted  would ex ert a  pressure o f  

1 , 2 , 3 , or 4  pounds per square in ch  on th e s o i l .

F ig . 13 shows the u n it  designed fo r  t e s t in g  th e a ir  

perm eability  o f  the s o i l  in  p la ce . In  operation  the sampling 

d evice Â# was In serted  a g iven  depth in to  the s o i l  being  

tested *  A ir was pumped In to  the tanks *B* (connected



F ig, 8* The Machine fo r  P lan tin g  In  the Greenhouse, 

Wheel Opener Equipped w ith  R evised Depth 

Control S k id s,

together) u n t i l  the h igh  s id e  o f the w ater manometer "G* 

Indicated  a h e ig h t o f  about 40 centim eters above the  

equilibrium  p o in t . The clamp on th e hose lead ing to  the  

sampling d ev ice  was then re lea sed . As th e  manometer reading  

dropped to  2 7 , th e  watch was started  and was stopped when 

th e water reached a  p o in t 2 centim eters above equilibrium #  

This gave the tim e fo r  a  d e f in ite  volume o f  a ir  t o  pass 

through the s o i l  sampler, Hie wheel HBM was the same as in  

F ig . U .

Test procedure^soll com m otion. The comparison o f  th e
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fo r  P lan ting in  the Greenhouse* 

Wheel Opener Equipped w ith  Depth Bands.

compaction e f f e c t  o f  various treatm ents was carried  out as  

fo llow s: The s o l i  was thoroughly w etted  by sp rin k lin g

b e fo r e  s ta r t in g  a s e r ie s  o f  t e s t s .  I t  was allow ed to  drain  

fo r  about two days or u n t i l  the s o i l  would not puddle when 

cu ltivated *  The s o i l  was then  worked, the wheel opener and 

the packing w heel were run th e  len gth  o f  the box and the 

various a t a t ie  pressures were app lied . P erm eability  t e s t s  

were then made, as described  in  connection  w ith  Pig* 13* fo r  

each o f  the s o i l  treatm ents*
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Pig* 10 The Machine fop P lan tin g  in  tfte Greenhouse.

The R evised Boat Opener i s  In sta lled *

The s o i l  was smoothed a f te r  th e  t e s t s ,  perm itted  to  

dry for two days, and th e  procedure repeated* These 

determ inations were continued u n t i l  th e s o i l  became 

s u f f ic ie n t ly  dry that dust tended to  blow out around the  

sampling unit*

Test proeedure-compaotion on emergence* In  order to  

determine i f  th ere  would be any s ig n if ic a n t  e f f e c t s  on 

germ ination due to  the variou s packing and p la n tin g  pro* 

oedures which had been t e s te d  in  the a ir  p erm eab ility  work, 

two experim ental p la n tin g s were made* The layout fo r  the
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F ig . 11 fhe 53*6 Pound C ast-Iron  Compaction

Wheel Used for Pro-Seeding Compaction 

During th e  194? Summer Experiments*

Fig* 12 fIhe A pplication  o f  a Ksown S ta t ic  

P ressure Upon th e  S o il*
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Fig* 13 A ir P erm eability  U nit fo r  S eating  

the S o i l  in  Place*

second, p la n tin g  made on A p r il 7 ,  1948 i s  shown In Fig* 14.

Seed.* She segmented seed was furnished by th e  Farmers 

and Manufacturers Beet Sugar A ssoc ia tion  o f  Saginaw, Michi

gan. I t  was graded through a  9 /64  inch  screen and over a  

7 /6 4  Inch screen* The averaged r e s u lt s  o f  a d e ta ile d  

germ ination t e s t  on three samples was a s  followsa

P u rity  — 99*7# 

Seeds per gram •<— «-.«.—«» 13S

Seeds per pound 61830
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Germination 3 9 .6 $

Sprouts 120

S in g le s  *------- ---------------- ------— —  61 .33

90Ut^leS I * * * * ** * * * * 1*» ««««»•«.— »■» »» 36 .33

t r i p l e s  WMlH»«»«IHI>ai^ *>|^ i | l .  q

H ypocotyls »»»»—»•«■»»«.-ww. 0

Sprouts per pound, minus hypo o c ty ls  70421

Test r e s u l t s - s o l l  compaction. She data shown i s  

Table 1 were taken by u t i l i z i n g  the a ir  perm eability  u n it  

shows in  F ig . 13 . A study o f  the data shows th a t th e  

compaction o f  th e  wheel opener appeared to  be approximately  

th e  same as th a t  caused fey s t a t i c  p ressures o f  two to  three  

pounds per square inch.

The 63 .5  pound c a s t  iro n  wheel used during the com

p a ctio n  t e s ta  was shown in  F ig . 11. I t  was found th a t t h is  

wheel had an adverse e f f e c t  on th e s o i l  s in ce  sm all cracks 

o f  about 1 /2  inch  in  depth were formed across th e wheel 

track  a t r ig h t  an g les to  the d ir e c tio n  o f  tr a v e l as shown 

a t  Ha ” in  F ig . 15 . This r e su lte d  in  rapid  drying o f  the  

s o l i  to  a depth o f  about 1 in ch .

Test rasulta-oom gaction  on emergence. Emergence counts
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Sable 1 Tine In  Seconds fo r  Manometer Heading 

to  Drop from 27 to  2 C entim eters,

$ Moisture 53,5 lb ,  

dry b a s is  Wheel

Wheel

opener

S ta t ic  P . s . I .  

4 3 2 1

Chech

P lo t

27.7 7.8 20.9 13.4 12.1 6.7 5.6

24.2 8.4 12.5 8.9 7.5 6 .9 4.9

22.5 4.6 9 .5 7.9 8.1 6.0 3.7 3.3

21.6 5.6 8,8 n .5 10,2 7.4 7.0 4.6
19.0 xo;x 9.6 173 12.8 10.6 8.5
17.5 10.6 0.6 14.6 13.4 10.3 7.9

XWf 14.6 13.6 16.1 14.7 12.1 10.8 10.8
12.5 15.9 16.3 14.0 14.6 11.2

were used to  evaluate the r e s u lt s  o f  the various p la n tin g  

comb m a t lon e.

According to  the laboratory germ ination r e su lts#  

page 35# 8 9 ,6  percent o f  th e  seeds would be expected to  

germinate and# due to  some seeds b ein g  doubles or tr ip le s #  

one might expect to  ob ta in  116 p la n ts  per 100 seeds p lanted; 

On th a t assumption# the fo llow in g  d e f in it io n s  w i l l  apples 

1 , P ercent seed attainm ent

* seeds a o tu a llv  germinating x  100 
seeds p lanted  x  .897
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Flg« 15 Cracks in  the S o il  Caused by the 5 3 .6  

Found C ast-Iron Packing Wheel*

In other words i f  th e number o f  seeds a c tu a lly  

producing se ed lin g s  was *897 tim es the number o f  

seed s planted th e seed attainm ent would be equal 

to  100 percent*

g* Percent p lant attainm ent

number p la n ts  a ctu a lly  emerging
» Coer 100 seeds planted) __ x  100

113 '

I f  100 seeds a c tu a lly  produced 115 p la n ts  

<s in g le s  counted as 1 p lant# doubles as 2 p lan ts  

e t c .}  the p la n t attainm ent would be 100 percent*



The s t a t i c  pressure method o f  p la n tin g  was a s  fo llow s: 

The s o i l  was scraped asid e  from th e p la n tin g  area and ten  

seeds were p laced  on th is  area* S o il*  to  a depth o f  about 

one Inch* was ca re fu lly  spread over the seeds to  avoid  

distu rb in g  th e ir  placement and a b lock  o f wood was placed on 

top o f  t h is  so il*  A p ressure o f  1* 2# 3* or 4 pounds per 

square inch was then applied* A c a lib r a tio n  o f  the mechani

c a l  seeding u n it  showed th a t an average o f  10*9 seeds were 

b ein g  p lanted  per fo o t o f tra v el*

Ho water was added to  the s o i l  from the tim e o f  

p la n tin g  to  th e time o f  stancUcounts* The m oisture content 

o f  th e  s o i l  a t  seed depth fo r  the two t r i a l s  was

P lan tin g $  m oisture a t  seed depth-dry b a s is

dot© S tart o f  t e s t Snd o f  t e s t

3 -4 -4 8 22 13

4 -7 -48 20 10

The r e s u lt s  o f  the f in a l  stand counts on the two 

experiments are shown in  Table 2*
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Table 2 Seed and P lan t Attainment by Various

P lan tin g  Methods

P lanting

date
Method

$ seed  

attainm ent

% seed  

attainm ent
4 p .8.1* 7 1 .4 8 3 .5

3 p . s . i . 6 2 .4 62;8

2 p. 8* i . 5 3 .5 65.7

3-4-48 1 p * s . l . 24 ,5 19 ,1
Boat Opener 58 .8 56.2

Wheel Opener 4 6 .3 50 .6

Wheel Opener p lus  
63.5  lb .  Wheel

3 6 .8 41 .8

Hand p la n t in  row 2 1 .2 17*5

4 p .8 .1 . 53 .3 56 .0

3 p .8 .1 . 53 .3 58.9

2 p . s . i . 36 .0 36 .7

4—7**48
1 p . s . i . 3 7 .3 41 .6

Boat Opener 4 0 .5 3 6 .3

Wheel Opener 38 .0 4 2 .1

Hand p lan t in  row 8 .8 7 .8
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Analyses o f  variance fo r  the s t a t i c  pressure p la n tin g s  

fo r  the two d a tes were made* The comparisons for seed  and 

p la n t attainm ent are shown in  Tables 3 and 4*

Table 3 Comparison o f  term inated Seeds 

P lan tin g  Date 5 -4 -4 0

p . s . i ;
Count fo r  6 

R ep lica tio n s
Comparisons

4 52 S ig n if ic a n t ly  b e t te r  than 1  

No d ifferen ce  between 4 , 5 ,  and 2

3 20 S ig n if ic a n t ly  b e t te r  than 1  

No d ifferen ce  between 3 and 2

2 24 S ig n if ic a n t ly  b e t te r  than 1

1 11

Thor© were no s ig n if ic a n t  d iffe r e n c e s  in  e ith e r  

germinated seed s or t o t a l  p la n ts  fo r  the seeding made on 

A p ril ? , 1948* However the trend was in  favor o f heav ier  

compaction*

No a n a ly s is  was made Including the mechanical seeding  

u n its  since th ere  was in s u f f ic ie n t  room to  permit r e p lic a 

t io n s .  Table 2 shows the boat opener was s l ig h t ly  b e tter
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Table 4 Comparison o f T ota l P lan ts  

P la n tin g  hate 3 -4 -4 8

p . s . i ;
Count fo r  5

Comparisons
R ep lica tio n s

4 48 H ighly s ig n if  lean t over 1 

S ig n if ic a n t ly  b e t te r  than 2 

Ho d ifferen ce  between 4 and 3

3 59 H ighly s ig n if ic a n t  over 1 

Ho d ifferen ce  between 3 and 2

2 32 H ighly s ig n if ic a n t  over 1

1 11

than the wheel opener and both  were rauoh b e tte r  than the 

hand planting* I t  was n oted , in  the case o f hand p la n tin g , 

th a t  the s o i l  dried  out qu ick ly  down to  the seed depth*

There was no compaction o f  the s o i l  in  the ease o f  hand 

planting*

Summer * 1948*

Equipment* The 5 3 .6  pound e a s t- ir o n  wheel was found to  

be u n sa tisfa c to ry  for packing the s o i l .  (Pig* 15) In  order 

to  arrive a t  compaction o f  the s o i l  over the p lanted  seed.



such, as was a tta in ed  by means o f the s t a t i c  pressure method 

( i . e .  without cracking o f  th e surface) a b ic y c le  t i r e  com

p action  u n it was devised  as shown in  F ig , 16. In operation  

the t i r e  was run s l ig h t ly  d efla ted  ( in f la t io n  pressure  

approximately 14 pounds per square inch) which r e su lte d  in  

& f a ir ly  la rg e  f l a t  surface in  contact w ith  the s o i l  a t any 

given  tim e, This arrangement perm itted a  compaction o f  the  

s o i l  w ithout the undesirable cracking con d ition  as caused by 

the 52 .5  pound wheel.

In the f i e l d  experiments the force o f  the b ic y c le  t i r e  

on th e  s o i l  was varied  by adding tfe igh ts to  the box a t  "a* 

in  F ig , IB, The w eights in  the box were regu lated  so that  

the t i r e  exerted  fo rces o f  58 and 100 pounds on th e s o i l .

As a laboratory check on the t ir e  area in  contact w ith  the  

s o il*  the t i r e  was p laced  on a sheet o f  paper* w eigh ts were 

added to  the box **a% and a record made o f  the area o f  the  

t i r e  in  con tact w ith the paper. The r e s u lt s  are shown in  

Table 4,

F ig . 1? shows an underneath view  o f  the p la n ter  as used  

fo r  the 1948 summer experim ental p la n tin g s , The on ly  change 

was th e  ad d ition  o f  the rotary  t i l l a g e  u n it  shown a t  HaH In  

F ig , 17,' The rotary t i l l a g e  u n it  was introduced as a
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I p

.xfrlyfr V. C-t.v.; -S;

Fig* X0 B io y e le  Wheel Arrangement fo r  Compacting S o il  

Around the Seed* Shown in  P o sit io n  on Planter*

Table 4 Force on T ire v s . T ire Area in  Contact w ith  

Paper* T ire In fla te d  to  14 P .S .I*  a t S tart 

o f  T est.

Weight a t  tta Hi lb s . 26 45 55 70

Force on B icy c le  Tire* lbs** >.
58 100 122 153

Tire Area in  Contact* 3q. In . 5 .8 7 .5 8 .1 9 .8

v a r ia b le  w ith th e  aim o f  determ ining what e f f e c t  a f in e ly  

p u lv er ised  seedbed might have on emergence.

BKS&bb̂m



Fig* 17 Underneath View o f  Michigan S tate C ollege  

Experimental Sugar Beet Planter*

Design o f  f i e l d  experim ents. Fig* 18 shows the design  

o f  an experiment which was performed a t  four d if fe r e n t  

times* Two furrow openers, three packing procedures, and 

two v a r ia tio n s  in  p r o ce ed in g  rotary t i l l a g e  gave a t o t a l  

o f  tw elve experim ental combinations* The experim ental 

p la n ter  was a two-row machine and p lanted  one conventional 

or check row fo r  each experim ental row. The experim ental 

combinations are shown on Fig* 18.

O bservations and stand counts on ear ly -season  p lan tin gs
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Indicated  th a t the wheel opener appeared to  be g iv in g  b e tte r  

r e s u lt s  than the boat opener* Also i t  was d esired  to  t e s t  a 

h eav ier  compaction than any o f  thoB© in d ica ted  on Fig* 16* 

Consequently a f i f t h  experiment was made, u t i l i s in g  the  

wheel opener only* The layou t o f  t h i s  experiment and the  

V ariables are shown on Fig* 19*

Test r e su lta -fo u r  f i e l d  experiment a. Two hundred-inch  

stand-counts o f  emerged b ee ts  were made on each row# both  

fo r  the experim ental and the paired check rows* P lanting  

d ates for th© f i r s t  four experiments were made on May 6 #

May 22# June 10 and Ju ly  20# 1948* Analyses o f  variance  

were made o f  a l l  data. The r e s u lt s  o f  a comparison o f  

experim ental treatm ents w ith  paired cheek rows fo r  four  

experiments i s  shown in  Table 5* A comparison o f  experi

mental treatm ents only i s  shoiwi in  Table 6 * The experi

mental v a r ia b le s  were as follow s?

O3, -  Wheel opener. (See Fig* 9)

Og -  Boat opener* (See Fig* 10)

P^ -  B icy c le  wheel# 58 pounds fo rce  on s o i l ,  (See Fig* 16) 

Pg -  B ic y c le  w heel, 100 pounds force on s o i l ,

Pg -  B rag-in  on ly .
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R o ta ry  Tillage in fro n t o f Opener 
No R o ta ry  Tillage
Dray-in only

B icycle Wheel. 3 8 Lbs fo rce  an Soil 
B icycle Wheel. 100 L b s. fo r c e  o n  So il. 

Bicycle Wheel. 155 Lbs. force on S o il

L P la n te r  C o m b in  a tions-

7 3 .3 /  7 s 4 6 *

73 /S 13 t s IS / S

/4 /6 /* !Z /6 /6

S  / 7 3 4- 8 Z  6 7 3- /

Fig. I f .  E x p er im en ta l Su gar B e e t P lan ting  L ayou t.



fa b le  5 A Comparison o f  Experimental Treatments Against 
P aired  Check Hows fo r  Pour Experiments,

The f ig u r e s  which are shown under 11 D i f f .** represent the d ifferen ce  between the  
t o t a l  fo r  four r e p lic a t io n s  o f  the designated  experim ental combination and the t o t a l  
fo r  the four paired  check rows. A ( 4 )  value in d ic a te s  a  g rea ter  number o f  p lan ts in  
th e experim ental rows. A ( - )  value in d ic a te s  a sm aller number o f  p la n ts  in  th e  
experim ental rows.

P la n tin g  Date Net fo r  
4

Experiments

Experimental
Treatments

5-2-48 5-22-48 6-16-48 7-20-48
T reat.

No. O P TComb. D if f . Comb. D lf f . Comb. D if f . Comb. D if f . Comb. D if f .

3* 4  26 10* 4  49 5** 4  67 3 4  9 3 4  79 1 1 1 1
4 4  22 11* 4  46 4 4  45 2 4  2 4 4  68 2 1 1 2
2 i  4 6 4  43 6 4  26 5 4  62 3 1 2  2
6 4  1 3 /  30 3 4  14 1 0 6 4  61 4 1 2  1

12 11 30 7 4  9 10 0 2 4  24 5 1 3  1
1 -  23 5 4  29 11 4  3 5 -  1 11 ^ 17 6 1 3  2
5 -  23 1 4  20 11 — 8 10 4  11 7 2 3 2
9 * 23 2* 4  20 2 -  2 4 -  7 8 2 3 1

10 -  25 7 4  19 10 -  13 6 -  9 12 -  23 9 2 2 1
11 •  27 4 4  8 12 -  14 9 -  34 1 -  29 10 2 2 2

8 -  38 9 4  7 8 -  22 8 -  47 7 -  72 11 2 1 2
12 -  39 1 -  26 7 -  59 9 -  86 12 2 1 1

7 -  41 8 * 39 9 « 36 12 Lost 8 -146

* In d ica te s  th a t th e  experim ental treatm ent was s ig n if ic a n t ly  b e tte r  than th e  
paired  check rows.

** In d ica te s  that th e experim ental treatm ent was h ig h ly  s ig n if ic a n t ly  b e tte r  
than the paired check rows.
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*1 •  Rotary t i l la g e  in  front o f  opener,

Tg -  Mo rotary t i l l a g e  in  fron t o f  opener,

Table 6 Summary o f  the Analyses o f  Variance fo r  the  

Pour Experiments,

Comparison
P lan tin g  Date

5-2-48 5-22-48 6—16—48 7—20—48

0

P
°1** 0x*# 0 ln*

Comparison o f T V ®2* ------

experim ental 0 x  P # WWW --------

treatm ents o n ly . 0 x  T ** ———HI

P x T ******** mmmrnrnm

OxPxT *»# ## «•«»««)

Experimental tr e a t  5* 10*

ments b e t te r  than 2*

paired  check rows.I 11*

* S ig n if ic a n t  (a t  5$ point)

** H ighly s ig n if ic a n t  (a t  1$ p o in t)

The comparison o f  experim ental treatm ents only In d icates  

th a t the t o t a l  fo r  the wheel opener (0^) was b e t te r  a t  every
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date than the boat-type opener# Without p re-see  ding rotary  

t i l l a g e  (Tg) was equal to  or b e tte r  than rotary t i l la g e #  The 

comparison o f  experim ental treatm ents w ith  paired  check rows 

in d ic a te s  no experim ental treatm ent b ein g  b e tte r  fo r  a l l  

p lan tin g  dates# A summary o f  the v a r ia b le s  in  th e  f iv e  

treatm ents showing s ig n if ic a n c e  fo llo w s:

Treatment Opener P ro-seed ing Force on s o i l
rotary by b ic y c le  

number type t i l l a g e  wheel

2 wheel no 58 lbs#

3 wheel no 100 lb s .

& wheel yes drag-ln  on ly

10 boat no 100 lbs#

11 boat no 58 lbs#

A study o f  the data shown in  Table 5 shows th a t  In  S3 

o a ses out o f  48 the experim ental counts were g rea ter  than 

fo r  the paired  check rows, even though th e d iffe r e n c e s  may 

have or may not have been s t a t i s t i c a l l y  s ig n if ic a n t .  A 

summary o f  th e number o f  tim es each v a r ia b le  occurs in  the  

23 in stan ces shows:

The wheel opener appears 16 tim es 

The boat opener appears 7 tim es 

Without pre-seed ing rotary  t i l l a g e  appears 15 tim es
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With p re-seed in g  rotary  t i l l a g e  appears 8 tim es  

Compaction « 100 pounds wheel force  appears 10 tim es 

58 pounds wheel fo rce  appears 6 tim es 

Drag-in only appears 7 tim es

Test r e s u l t s - f i f t h  experiment. The layout fo r  the  

f i f t h  experiment i s  shown in  Pig# 19# The comparison o f  

experim ental treatm ents w ith  paired check rows i s  shown in  

Table 7 . The code for experim ental treatm ents i s  a lso  g iven  

fo r  convenience in  comparison# Table 8 shows a comparison 

o f  experim ental treatm ents w ith each o th er.

The a n a ly s is  o f variance for the experim ental tr e a t

ments a lso  showed:

1# P re-seed in g  t i l l a g e  was not s ig n ifica n t#

2 . 155 pounds fo rce  (by the b ic y c le  wheel) was h igh ly

s ig n if ic a n t  over 58 pounds force and over drag-in  

only# There was no s ig n if ic a n t  d ifferen ce  between 

155 and 100 pounds force# There was no d ifferen ce  

between 58 pounds farce and drag-in  on ly .
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Table 7 A Comparison o f Experimental Treatments w ith  

Paired Check Rows for  th e F ifth  Experiment,

The f ig u r e s  which are shown under 11 D i f f ,11 represent the  

d ifferen ce  between the to ta l  fo r  four r e p lic a t io n s  o f  

the designated  experim ental treatm ent and the to ta l  fo r  

the four paired check rows, A U )  value In d ica tes  a 

g rea ter  number o f  p la n ts  In the experim ental rows, A 

( - )  va lu e  in d ica te s  a sm aller number o f p la n ts  In the  

experim ental rows.

Treatment D if f . V ariab les

Ho. P T

3* /4 ? 2 2 P^-Drag-ln on ly .

5 /E4 3 1 P j-B ic y c le  wheel# 58 lb s ,  force

4 /  7 2 1 P g-B icyele  w heel, 100 lb s , force

6 -  4 3 2 P g-B icycle wheel, 155 lb s . force

1 -1 0 1 1

7 -1 1 4 2 T j-Pre-seefiing ro tary  t i l la g e

2 —18 1 2 Tg-No rotary  t i l l a g e .

8 -3 0 4 1

# In d ica te s  that the experim ental treatm ent was 

s ig n if ic a n t ly  b e t te r  than the paired  check rows.
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Table 8 A Comparison o f Experimental Treatments w ith  

Each Other fo r  the F if th  Experiment.

Fac-*

to r s

T reat.

NO.

Count 
fo r  4  
reps.

Comparison

*3 *1 5 212 H .S. over 1* 8 . S lg . over ?, 
NO d i f f .  6 , 6* 3* 4.'

i 2.'

* 3 * 2 6 197 H.S. over 1 , 8 . No d i f f .  6 ,  
7 , 2 .

3 # 4 ,

*2 *2 3 184 H.S* over 8 . S lg . over 1 .
No d i f f .  3 , 4 . 7 , 2 .
H .S. over 8.' No d i f f .  4 , 7 ,* 2 * 1 4 182 2# 1 .

*4 *2 7 177 H.S. over 8 . No d i f f .  7 , 2 , 1 .

*1 *2 2 174 H.S. over 8 . No d i f f .  2 , l . s

* 1 %

* 4 * 1

1

8

150

125

No d i f f .  between 1 and 8 .

H .S. -  Highly s ig n if ic a n t  (a t  1% point)

S ig . s  S ig n ific a n t (a t  5$ p o in t)

Ho d i f f .  jg Ho d ifferen ce  between.

* Note th a t  the h e a v ie s t  compaction <p3 > was b est  in  

t h is  experim ent.

Note that a l l  four top treatm ents are the h eav ier  

packings.

Compaction t e a t s .  A measure o f  r e la t iv e  compaction 

e f f e c t  on the s o i l  was obtained during the 7/inter t r i a l s  by
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by means o f  a ir  perm eability  te s ts*  The method o f  a ir  

perm eab ility  was not deemed sa t is fa c to r y  fo r  f i e l d  t e s t s  

s in c e  a  sm all break in  the s o i l  would prevent the proper 

fun ction ing  o f  the unit* In  order to  t e s t  the r e la t iv e  

compaction e f f e c t s  o f  d if fe r e n t  treatm ents the recording com

p action  u n it  shown in  P ig . 20 was designed and constructed*

I t s  function  i s  as follow s*

Crank n a s i s  turned# which by means o f  a raok and 

p in io n  arrangement fo rces tube "bH downward. Cylinder wo" 

and l in e  ttdH contain  o il*  A p isto n  in  th e  lower part o f  

cy lin d er  "o* I s  connected to  rod ae H. S o il  probe af a# which 

i s  attached to  ae H i s  forced  in to  the s o i l  as crank “a 1* i s  

turned* As s o l i  probe wf H i s  forced in to  the s o i l  o i l  

pressure causes the recorder arm to  in d ic a te  the force  

required  to  push the probe Into the s o i l .  In  order to ob ta in  

a record o f  the force a t any given  depth th© chart ttg a i s  

caused to  r o ta te  by means o f  the s tr in g  ahM* The s tr in g  wh tt 

p a sses  around a drum which In  turn i s  attached  to  the rear o f  

th e  p la te  to  which the chart i s  fastened* S o il  probes o f  

d iffe r e n t  diam eters may be rea d ily  I n s ta lle d  s in ce  the rod ae a 

i s  threaded a t  the lower end. Probes o f  f iv e  diam eters were 

machined in  order to  provide s u f f ic ie n t  f l e x i b i l i t y  fo r  

varying s o i l  hardnesses. The diameters were 1* 3/4# 1/2*
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F ig . 20 Recording S o il  Compaction Teatesv

3 /8 ,  and 5 /16  in ches.

I t  was necessary to  ca lib r a te  th e u n it  fo r  both depth 

and force in  pounds* S u ita b le  charts were made as shown in  

F ig . 21.

F ig . 22 shows the layou t o f  the p lo t s  fo r  f i e l d  com

p action  t e s t s .  The p lo t  was one o f  th ose  used e a r l ie r  in  

the season fo r  emergence t e s t s  and the s o i l  was c la s s i f ie d



Fig. 2!. Sample Chart for Recording So/7 Compaction Tester.



Vs

FORCE IN  POUNDS 
DEPTH IN  INCHES

W.W.C. 1 -3 -4 8

§?/ Sam ple Chart for Recording So /7 Compaction Teste
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a s a sandy loam. The complete p lo t  was plowed, d isced , and 

dragged# P ortion s were cu ltipacked  as shown In Fig# 22#

Tvm chart readings were taken at each number in d ica ted  on the  

figure# Each treatm ent was carried  out in  four p la c e s  and 

s in ce  two chart readings were taken a t each p o in t there were 

e ig h t  t e s t s  or r e p lic a t io n s  o f  each treatm ent. fh e  variab les  

used were*

Lets Wq ® Standard opener and p ress wheel unit#

m Experimental wheel opener# B icy c le  wheel

exertin g  58 pounds fo rce  on s o i l .

Wg $  Experimental wheel opener# B icy c le  wheel 

exertin g  128 pounds fore© on so il#

Wg -  Experimental wheel opener# B icy c le  wheel

exertin g  207 pounds fo ree  on so il#

Gq 3  Ho opener (unpacked s o i l ) .

0^ * Experimental wheel opener#

Gg 9  Standard or conventional opener#

Gq s Ho cultlpacking#
0^ g Cultipacked once#

Gg s  Cultipacked twice#

fa b le  9 shows the v a r ia b le s  and lo c a tio n s  fo r  each 

treatm ent used in  the compaction te s ts#
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Table 9 Treatment Code fo r  Compaction T ests

Treatment P lan ter Treatment
Opener Cult ipaoking Locations

No* Compaction on Fig. 22

1 % 1 2 5 4

2 % ° i °2 6 6 7 8

3 % ° i °0 9 10 11 12

4 % 13 14 1© 16

0 Wg ° i 08 17 18 19 20

6 Wg °0 21 22 23 24

7 *3 Ol 25 28 27 28

8 w3 °x °2 29 30 31 32

9 W3 °1 % 33 34 35 36

10 f 0 °2 Ol 37 38 39 40

11 % °2 °2 41 42 43 44

12 wo °2 Co 45 46 47 48

13 Ho treatm ent a fte r dragging 49 50 51 52

14 Tractor wheel packing, two tim es 53 54 56 56

F ig , SI shews the chart for the f i r s t  t e s t  a t  location
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number 47. This chart i s  a ty p ic a l one o f  the group and 

shows the fo rce  rap id ly  Increasing fo r  the f i r s t  two inches 

in  depth and then remaining approximately the same u n t i l  the  

probe reached plow depth* At plow depth tho fore© started  

in creasin g  ra p id ly  and th e  in d icator soon went o f f  the chart 

I f  th e  te a t  was continued* The 1 inch probe was used in  a l l  

te s ts *  Table 10 summarizes the readings a t one inch  depth.

T ests were mad© o f  th e compacting e f f e c t  o f  p la ces  

where the rear  tra c to r  pneumatic t i r e  had passed two -times. 

The data shown In Table 10 were analyzed s t a t i s t i c a l ly *

Table 11 shows a  comparison o f  the treatm ents* The com

parisons In d ica te  that th e e f f e c t  o f the tra cto r  t i r e  was 

very large as compared to  any o f the other treatm ents* I t  

may a lso  be noted that the e f f e c t  o f  ou ltlpack ing  tended to  

cause a  h igher reading than any o f  the fo rces exerted  by 

the b ic y c le  t iro *



Sable 10 d o ll  Compaction Seats* P en etra tion  

Fore© In  Pounds a t  One Inoh Depth

#

T reat- R ep lica tio n  Treat
ment -...........—■■■-    --.....— ment

1 0 3 4 0 6  7 0 T ota ls

1 30 30 30 30 15 30 00 45 240

2 76 35 23 30 60 40 36 56 335

3 06 20 20 25 15 00 00 23 170

4 66 30 30 36 30 40 30 25 236

3 46 40 43 30 40 50 35 35 320

3 30 26 25 00 20 05 06 35 003

7 60 23 23 40 35 35 45 40 305

8 60 30 43 46 50 25 40 45 330

9 30 13 30 30 30 46 00 20 240

10 35 33 25 26 30 35 05 55 315

11 33 40 40 20 23 36 43 26 265

10 23 15 20 20 50 13 15 15 175

13 10 10 10 10 10 13 10 33 n o

14 125 65 UO 80 115 80 135 125 835

Hep*
Totals 640 463 480 440 545 490 510 580 4150

# Treatment Code on page 59*



Table 11 Comparison of Soil Compi.actien E ffects o f Fourteen Treatments.

Lbs. Force Ho. Times Treat.. Total
on Soil hy Soil C u lti- Opener sen t Hhs. Conraarisen of Treatments
Experimen paeked Ho. fo r 8
ta l  Wheel Heps.
tra c to r  tdieels 2 x I1* 835 3.S . over 2 to 13.

“

58 2 E 2 355 H.S. over 6 to 13. Sig. over 11 .9 .1 . Ho d i f f . 2 to  K
207 2 B 8 330 H.S. over 6 to 13. S ig. over 9 .1 . Ho d lf f . 8 to  11.
128 2 5 320 H.S. over 12 to 13. Sig. over 6. Ho d i f f . 5 to  1.
*•«»«» 1 S 10 315 H.S. over 12 to 13. Sig. over 6. So d if f . 10 to  6 .
207 1 B 7 305 H.S. over 12 to 13. Sig. over 6. Ho d i f f . 7 to  6
128 1 B 285 H .S. over 13. Sig. over 12.3. Ho d i f f . h to  6 .

2 S 11 265 H .S. over 13. Sig. over 12.3. Ho d if f . 11 to  6.
207 «■. E 9 2h0 H .S. over 13. So d if f , 9 to 3.
58 1 B 1 2h0 H .S. over 13. Ho d if f . 9 to  3 .

128 3 6 205 Sig. over 13. Ho a i f f . 6.12.3.
— — S 12 175 Ho a i f f . 12.3.13.

58 - 1 3 170

Ho tr e a t
ment a f t 
e r drag
ging 13 110

H.S. -  Highly S ig n ifican t, o r S ign ifican t a t  the l€  po in t. 
Sig. -  S ign ifican t a t  the 5$ po in t.
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conclusions

1 . An experim ental w heel-type furrow opener showed 

promise o f  Improving emergence over th a t o f  the conventional 

p la n ter . The w heel-type opener co n sis ted  prim arily o f  a 3 /4  

inch th ick  c ir c u la r  p iece  o f p la te  s t e e l  o f  ? Inches rad ius, 

th e outer 1 inch  being b eveled  to a th ickn ess o f  3 /8  inch. 

S u itab le  depth con trol was provided and the opener r o lle d  a 

seed path in to  the s o i l .

2. The maximum s t a t i c  pressure used for  s o i l  compaction 

in  the laboratory p lan tin g  t e s t s  was 4 pounds per square 

Inch. Compactions r e su ltin g  from a s t a t i c  pressure o f 4 

pounds per square inch were found to  be s t a t i s t i c a l l y  b e t te r ,  

as measured by p lan t emergence, than compactions obtained by 

the ap p lica tio n  o f  lower pressures down to  1 pound per square 

in ch .

3* The compaction o f th e s o i l  a t  the bottom o f  the 

seed  track made by the wheel opener was equal to  th a t caused 

by a s ta t ic  pressure o f  about 2 to  3 pounds per square inch.

4 . A comparison o f  experim ental openers in d ica ted  the  

wheel opener to  be much b e tte r  than the boat-type furrow 

opener. The boat-type opener which rece ived  i t s  name from the
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Founded bottom and boat-shaped, prow, was s l id  through the 

s o i l  to  form a rounded, and compacted p lace fo r  d ep ositin g  

th e  seed*

5* A pneumatic compaction wheel which imparted a uni

form and c o n s is te n t  pressure upon the s o i l  was found to  be 

b e t te r  than a ca st-iro n  compaction wheel* The s o lid  c a s t-  

iron  wheel tended to  cause cracks to be formed in  the s o i l  

w ith  r e su lta n t drying out o f  th e seed bed* Greater u n it  

p ressures by the pneumatic wheel r e su lt in g  in  h eav ier  s o i l  

compactions around the seed  were found to  g ive  b e tte r  emer

gence than th e  l ig h te r  compactions, e s p e c ia lly  under d rier  

seed-bed conditions*

6 . A ir perm eability t e s t s ,  ’which con sisted  o f  deter

mining the tim e required fo r  a given  volume o f  a ir  to  pass 

through a s o i l  sample, were s a t is fa c to r y  for comparing s o i l  

compaction e f f e c t s  in  the greenhouse but were not considered  

su ita b le  for  f i e ld  use* A new machine was developed for  

accu rate ly  measuring s o i l  compaction in  the f i e ld  and was 

su cc ess fu lly  used to  compare various s o i l  compaction trea t

ments*

?• The in v e s t ig a t io n s  indicated  th a t p re-seed in g  rotary  

t i l l a g e  was o f  l i t t l e  or no value*
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' S0MAB3T

The production o f  sugar b eets req u ires two p rin c ip a l 

lab or peaks; one for  spring  b lock ing and thinning and the 

other fo r  h arvest in  th e  f a l l .  Much progress has been made 

in  the m echanical h arvestin g  of sugar b e e ts  and commercial 

machines are now a v a ila b le  which w i l l  su c c e ss fu lly  elim inate  

hand labor.' Progress has a lso  been made in  seeding machines 

and p lan tin g  techn iques but much hand lab or i s  s t i l l  the 

r u le  fo r  spring work. This in v e s t ig a t io n  was made to  deter

mine some o f  the fa c to r s  which In fluence emergence o f  sugar 

b e e ts  and to  d ev ise  ways and means o f improving the emer

gence. The long-tim e o b jectiv e  i s  the e lim in ation  o f  hand 

work from th e production o f  sugar b e e ts .

Research on p lan tin g  equipment has been ca rr ied  on 

along two main lin es*

I**1 P r e c is io n  p la n tin g . As la t e  a s  1930 sugar beet  

d r i l l s  were made to  sca tter  along th e  row approximately 

15 to  SO pounds o f  whole seed per a cre . Machines now 

a v a ila b le  are capable o f  metering and d is tr ib u tin g  

about 4 pounds o f  segmented seed  p er  acre.
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2* Th© determ ination and improvement o f  those fa cto rs  

which may Improve the e f fe c t iv e n e s s  o f  p la n ters  or 

p lantin g  methods on f i e l d  gem ination* Some progress  

has been made in  t h is  work but new devices or tech

niques must be proved in  the f i e l d  over a period  o f  

years*

A new type o f  r o l l in g  wheel furrow opener was designed  

and used in  th e  experim ental work* The r e s u lts  o f  f i e ld  

t e s t s  in d ica te  th a t  ce r ta in  p lantin g  treatm ents which include  

t h i s  opener are b e tte r  than conventional p lanting methods 

but f in a l  Judgment must be reserved  u n t i l  the opener has 

been tr ie d  fo r  more seasons*

A pneumatic compaction wheel was found to  be b e tte r  than  

a ca s t- ir o n  compaction wheel* la rg er  fo rces by the compaction 

wheel r e su lt in g  in  heavier s o i l  compactions around the seed  

were found to  g iv e  b e tte r  emergence than the l ig h te r  com

pactions* e s p e c ia l ly  under d r ier  seed-bed conditions*

Greenhouse t e s t s  were used to  determine the comparative 

performance o f  th e  experim ental openers with the performance 

o f  p lan tin gs made under con d itions o f  known compaction* Com

p action s r e s u lt in g  from th e  a p p lica tio n  o f  a s t a t i c  pressure
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o f  4 pounds p er  square in ch  on the s o i l  were found to  be 

b etter  than compactions obtained by the a p p lica tio n  o f  

1 pound per square inch.

I t  was found th a t a ir  perm eability t e s t s  o f  s o i l  were 

a sa t is fa c to r y  method in  th e laboratory o f  comparing the 

compaction e f f e c t s  o f  furrow openers w ith  th e e f f e c t s  o f  

known s t a t ic  pressures on th e  s o i l .  Ihe cheeking o f  

p lan tin g  procedures by laboratory and greenhouse experi

ments perm itted  p lan ter research  to  be carried  out more 

rapid ly  than by usual summer f i e ld  experim ents o n ly .

A machine was designed and constructed  for  recording  

the fo rce  required to  push a probe in to  the s o i l .  The 

machine was su c c e s s fu lly  used to  eva luate  compaction 

treatm ents used  in  the p la n tin g  experim ents.
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