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Introduction 

Single-germed ougar .... beet Geed has long been sou2:Lt by 
individuals connected with the sugar-beet industry. Attempts to 
produce seed with only a single germ by the process of selection 
~ave made very little progress. Townsend an~ ~ittue (5) report 
the early efforts of workers tn the United States Departient of 
i-i.griculture along this line • .;;2,/~ord.onos (2), a Russian worker, 
repo?ts that a single-germed beet seed has recently been dsvolop­
ed by ~ybridizing with natural single-seeded types. However, 
there is no immediate prospect of single-germed seed being avail­
able to t:ie commercial industry in this country. 

Parallel with efforts to select single-germed seed, 
attern~Jts have been made to ttcrack 11 the sugar-beet seeclbal1 into 
its component units. Palmer (3) reports that prior to 1900 some 
11 cracJ::.ea_ n seed from Germany was ple.ced on the 4werican 11mrke t, but 
it did not give satisfactory results, and he proceeds to enuDerata 
the difficulties encountered in the use of "cracked " seed, several 
of which wo:c'e : l, Some of the ge :r·ms were destroyed in ti1e c:;.~acl1;:­
inc; mac'1ine; 2 , other gerr.1s ·were exposGd and the function of the 
seedball to ~egulato germination was destroyed; 3, it 1Jas iopossi­
bla to crack the ssedballs without ruining a largo portion of the 
gorns, unl3ss many pieces were loft with more than one gerc , in 
which case the field had. to bo thinned as usual. 

TabGntsky (5) reports the efforts of some Russian wo11 k­
ors to break singlc-germcd seeds out of the multiple-ger~od sood­
ball. Ho states that tho structure of some scJdballs wMsuch 
that they broke up rather easily while some othars were so com­
pletely unified by scloronchymatous tissue that attempts to break 
them into units wore largely unsuccessful. 

aocontly in the United States there has been a revival 
of interest in segmenting tho seedball into single-soJQcd units, 
and 3ain0r (1) has developed machinery to do this on a co~~srcial 
scale. Durin~ the past 2 years the use of segmented seed h~s 
spread rapidly due to t he labor-saving possibilities it offers, 
and its promise to become an important factor in the ultimate 
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mechanization of the sugar-beet industry. 3ecause of the wide­
spread use of segmented seed it becomes importc:mt to have a fund.a­
mental understanding of functions of the pericarp tissue of the 
seedba.11 and w:1.at can and cannot be done with it without s0rious­
ly interfering with those essential functions. 

The present report gives the results of blotter Bnd 
soil tests with the seed. units recovered from segmented seed as 
compared with the germination of whole secdballs and with neJ-cod 
seeds removed from the locule of the seedball. 

£.~aterials and MethQQ..§. 

These studies have dealt principally with three Linds 
of sheared sead units: 1, Perfect sogmented seed (seed units 
with one germ completely enclosed within tho seedball locule); 
2, imp8rfcct sogmonted seed (sheared sood in which the locule has 
beon broken and the true seed exposed) and 3 , naked seeds (~cods 
completely freed from tho nut-like seadball locule). SogMcntcd 
so od units with more than Oi1C gnrm have been avoided inasG1lwh as 
those do not represent conditions essentially different fro~ 
normal scodballs, In all tests whole seedballs with all but one 
gorm dostroyod wore used as a check to indicate normal perfor­
mance. 

Seeds were germinated on blotters in petri plates ~nd 
in soil in specially built gcrminator s with glass sides whict. 
permitted periodic observations to determine both hypocotyl and 
radiclc dovolopmont. Germination ·was carried on at room tc:r.pcra­
turc in tho dark except when observations wero being mad.a. Tho 
gcrminators were tipped at an angle so that the hypocotyls grew 
against tho t;lass on ono side and the radiclos grew against tho 
glass on tho other. 

Experimental Results 

Sugar-beet soodballs vary greatly in size, weight and 
number of true seeds. Tests were conducted, using different seed 
lots to determine tho effect of variety and. location where tho 
soad vas produced on tho average numoor of sprouts per soadball. 
Tho results of these t ests aro given in table 1. It is cvid.cnt 
that tho a'rerage number of sprouts per· socdball varied froE: 1. 35 
to 2.37 . Scodballs of tho same variety grown in different local­
ities and socdballs of different varieties grown in the sa~c 
locality variad widely in the average number of sprouts p~r ball 
when thos8 seedballs wore germinated in soil, either in the green­
house or in the field. 

Ono o thor point is very evident . The highe:c tho 1::-ier­
contago germination tho greater tho number cf sprouts per sccd­
ball. The germination percentages wore higher under greenhouse 
conditions than from field plantings, and the average number of 
sprouts po~ ball also increased, Subsequent tests indicated that 
when c;oil moisture was varied und.er greenhouse concl.i tions .so as 
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to reduce th_: total germination percentage~ the average .nUi!lb? r of 
sprouts per oall was also reduced (table 2J. The data in taole 
2 also gives a comparison of the number of sprouts per se ed unit 
of se goent0d seed as compared with wholo seedballs. These results 
add fu:Lther ovidonce that the more favorable conditions arC; for 
ge rmination, the greater will be the average number of sprouts 
per ball or se ed unit. 

Table 1.- Average sprouts per seodball of various lots 
of sugar- boo t s eed germinated under greenhouse and field condi­
tions. 

Planted in Planted in f icld 
Variety and source of 
so,;c1 t c stcd 

greenhouse 
· Average Average 

u. s. 

u. s4! 
T7 ~1 

u . u. 

u. s. 

u. s. 

U.S. 

22 - Po :;:-• t Angele s, Wn. 
( 9301 ) 

15 - Kla~ath Falls, 
01"8. ( 9302) 

15 - ~cdford, Oro. 
( 9;)0Ll_ ) 

200 - Jefferson, Oro . 
( 9307 ) 

215 - Jefferson, Ore. 
( 9308 ) 

33 - Ogden Valley, 
Utah (9309) 

Ge rmina-
ti on 

Pcrcont 

92 

70 

90 

97 

98 

92 

sprouts Germina- sprouts 
p0r se ed ti on T"lC r sood 
unit unit 
Number Percent rurabo r 

1.94 73 1.75 

1.42 56 1 . 35 

2.13 87 1.91 

2.37 87 2 . 08. 

2.12 87 1.77 

1.79 83 1.70 

Table 2.- Average sprouts per goi"minating s o0d unit of 
segmented scod and whole se 0dballs planted in tho groonhousG 
under ocdium and high-moisture conditions. 

12.4 porcGnt soil 15.7 percent soil 
Kind of sood moisture moisture 
tested Gcrmina- Aver ago sprouts Gcrmin- Ayo:ragc sprouts 

ti on J2CI' s oed unit ation )2 CJ' se ed unit 
Porce nt Number Percent Number 

w;w1c secdball s 70 1.68 80 2.00 

Segmented s eed 61 1,24 70 1.29 
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Further tests w0ro conducted to compare tho actu2.l 
number of sprouts developing from a unit of sogmcntod sc ~:c1- as 
compared with tho number of sprouts from whole scadballs. The 
results of thos8 tests, planted in greenhouse soil arc given in 
table 3. It is evident that inclusion of tho segmontod se ed 
units ranging in size from 9/64 to 10/64 inch increased the aver­
age number of sprouts par seed unit. However, both lots of sog­
montcd sc ad show a striking increase in the pcrcontago of se ed 
uni ts developing only one plant whon compared with \·,.rhola socd­
balls. 

Ona factor in those tests with tho segmented seed was 
rather disturbing. This was the fact that only 74 percent of tho 
sogmE:.nted sood units produced seedlings, whoroas 92 porcont of 
the segmented seed units germinated on blotters. In view of this 
fact, a r.?.th -.:: r cri tlcal examination of the segmented sc.:d i:-Tas 
mads and it was found that it contained some naked socds (true 
seeds removed from the scwdball locule) also that about 25 per­
cent of tho segmented seed units with single germs had so broken 
in the segmenting process that the true se ed was exposed. Tests 
wore then conducted in petri dishes and in spacial glass gcrmina­
tors whe:L"'C t!J.e germination of the naked seeds and partiall'y 0x­
poscd so ods could be closely observed. Theso tests includ~d 
whole so odballs with one germ, perfect segmented sood, imperfect 
segmented s c,; d and three classes of nakoc1 seeds! 1, Perfect nakod 
soeds as determined under tho binoculars; 2, naked sc0ds with 
small visible cracks in tho testa, and 3, naked seeds with tho 
tcsta almost entiroly removed. Tho results of those tests are 
given in table 4. 

Table 3.- Number of se edlings por so od unit froff1 sq;­
montccl and whole seed planted in greenhouse soil. 

Number of seedlings 
D:t~oduc c d 

P:::·rccntago Oj_"'oducing 
seedling 

Pe rccnta(:So producing 
seodlinc;s 

P ~,;T centas;c prod.ucing 
secdline:;s 

Percentage producing 
S08dliD[;'S 

1 

2 

3 

L1 
"' 

Av oi-•ct.;e nuri1be r sprouts 
1J8I' SE>::d unit 

Size of segmented units 1/ 
7/64 to 9/64 7/64 to 10764 

inches inches 
Percent Percent 

77 65 

21 30 

2 LJ: 

0 0 

1.25 1.38 

\:Jhol o sccd­
ball s ?:_/ 

33 

56 

10 

1 

1.78 

G·creiination percentage of segm0nted se ed was 92 percent on 
blotters and 7~ percent in greoru~ouse soil. 
Gorraination percentage of viliole soed was 90 percent on 
blotters anc1- 89 'percent in greenhouse. soil, 
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Table 4 .- Percentages of normal and abnormal germina­
tions of pe :t"foct segment ed and porfoct nakoc1 sugar-beet so cds as 
compaTod with imperfect segmented and imperfe ct naked sugar-bo ot 
s o,:;ds wh.:; n germinatec1 on blotters . 

Kind of so od ~erminated 

Perf e ct sesm~ ntod s eed 
I mperf ect so gmontcd soca_ 
Porf ,::_ ct nak ed so ods 
Naked scads with t c sta broken 
Naked scads with t cs ta almost 

cntiroly broken 

Abnormal 1/ 
germinat i on 

0 
60 
70 
80 

95 

NorT11al g/ 
germi nation 

100 
40 
30 
20 

5 

1/ Abnoi,mal germination indicat ed by cotyledons breaking aFay 
f r om r e se rve food supply before radiclc shows any s i 3ns of 
c.k vclopmcnt . 
Nor mal ge r mination i ndicat ed by grouth of tho radiclo ·whi l e 
the cotyl edons r emain in contact with starchy pori spo r m. 

The data anc1 obse rva tions indicate the.t the re woo no 
dif fcro nc o b otwc cn the ge rmination of perfect segmented see d and 
whole so,Jdballs '"ri t~ singl e ge r ms. In both cases the r ad i c1 o 
ooo r go d, elongat ed and dove lopod root hairs, while tho cotyl Ldon s 
ro mainod within t ho locul:::, absorbing tho reserve food supply of 
the p orispe r m. . When t ho radiclo h o..d grown to a length of l! 
inche s tho cotyledons b e came de tached from the so edball E1 nc1 wor e 
in posit i on to be pushed through tho soil to the surface as tho 
hypo cotyl e longat ed. 

It was very evident , however, that many of the naked 
seeds and many of tho imperfect se gme nt ed se eds di~ not germinate 
no1"'m2.lly . Abnormal ge r mination occurred in from 60 to 90 pe rcen t 
of the scGds in those cl a sse s. In t ho main this abnofi!lali t y of 
go r r:i inati on consisted in tho breaking away of tho cotyledo n s fro a1 
t he rese rve food supply almost as soon as growt h started . Fro­
qu ,:m tly tho co tyledons ope ned up and the; hypocotyl elongated. a s 
much a s l } inchc::. s before thJ radiclo showed any growth . Subs e­
quent soil t es ts ind icated tha t thi s loss of re serve food gr eatly 
influc~cad t he vigor and growth habit of the young sc odling . · 

It was also cviclont that both the socdball anc1 t he 
t c st a of the naked sc od he lnod to control tho pro gr e ssive s t ages 
of germination. -

I n order to d e termine the e f fe ct of sorno of these ao­
nol"'mali ti c s of germination on se edling gro1:Ith in tho soil, w'1o l c 
s cedb c::.lls with one germ , perfect so gmentoc1 s oods , imporfoc t seg­
me nt ed s eed s a nd nerfect naked s ee d s we re nl antod in soil a t 
d epths of 1/4 3/~ 1 li , and 3 inche s . The-soil containa ~s ~ad 
glass side s und t he se eds were plant ed nex t to t h J gl as s so the t 
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germination and growth could be observed, and tho soil was f irmccl 
modora t oly around tho seed. Tho results of this to st arc shm,rn 
in tablo 5~ 

Table 5.- Comparison of tho percentage of seedlings 
emerging when whole, sogmontod and naked seeds were plantocl_ a t 
different depths in greenhouse soil. 

· Kinc1 of seed Emo,rgence at various 121anting do12ths 
planted 1/4 inch 3/4 inch li inches 2 inches 3 inche s 

Percent :Percent Pel"'c.ont Perc ent Pe: r e :.: ;1 t 

Whol e see d-
balls - 1 gorr:1 92 88 87 92 s: o 

Perfect segment-
od seed 90 92 88 90 88 

Perf ect naked seed 90 33 8 0 0 

I mperfect se g-
mc ntod s c ~c1 85 42 25 8 13 

Tho r c was good germination of the seed and 100 pe rcent 
of the s codline;s om.:; rging from the perfect s et:,'!i'lo ntod and whole 
s ocdball a r oached the surface froLl the de epes t planting . iiowcvor, 
only a small pe rcentage of tho seedlings from the naked s ec; d s and 
i rnporf oct se gme nt ed seeds roached the surface when the se ed was 
pl antec1 3/4- inch or de eper. This was thought to be duo to a t 
l east throo factors; 1, rtoduced s eedling vi gor duo to los s of 
r osor vc food supply; 2, mechanical difficul ties due to the f a ct 
tha t the hypocotyl and cotyledons are not in a position t o be 
pu sh ed up through tho soil and tho radicle is not firmly anchored 
in the soil so tha t a maximum of pre ssure can be exerted; 3 , l os s 
of growth-contJ?olling hormone s in the reserve food supply ·with a 
subsequent loss of geotropic response. As a result of poss i bly 
tho last two of those factors, tho seedling becomes bent and 
t·wist ed in the soil and make s li ttlo or no pro gr e ss towar·c1 t he 
soil surfa c e . 

As furthe r evidence tha t seedlings fro m naked and i~­
porf e ct segment ed seeds tha t germina te abnorrn:tlly do not he vc t :10 
soil pe ne trating power of normal se edlings, a test was run in 
which both depth of planting and firmness of the soil over t he 
s ood wa s varied. The r e sults of this test arc given in t Ebl c 6. 

The results of this test indica te tha t if it were nossi­
blo to plant the se ed i inch or l oss in depth, tha t many of the 
abnorme.lly gerr:1 inating seedlings would ome rg8 from the soil and 
deve lop into normal plants. Leaving t he soil l oose would al s o 
e nable more seedlings to emer ge. However, unde r fi eld conditions , 
planting it inch or shallower would be unsa f e . Further1Jore , the 
soil over the se ed cannot be loft loose without danger of exc e s s­
ive loss of soil moisture . 



-31-

Table 6~- Comparison of the percentage of seedlincs 
emerging vihen whole, segmented, and naked seeds were planted at 
different depths in greenhouse soil of varying compactness. 

Kind of seed and De:gth of 12lanting (inches) 
firmness of seed-
bed li lil6 in. lL'J: in. iL2 inch 1 inch 2 inches 

Percent :Percent Percent Percent Percent 

Whole seedballs--1 germ 
Soil packed 92 90 90 80 75 
Soil firm 90 82 83 85 82 
Soil soft 92 92 87 88 88 

Perfect segmented seed 
Soil packed 80 87 88 82 75 
Soil f irrn 88 83 82 78 75 
Soil soft 85 85 88 8 " 0 80 

Perfect naked_ seed 
Soil packed 97 75 33 0 0 
Soil firm 97 87 50 8 0 
Soil soft 100 93 75 25 0 

Imperfect se gmented seed 
Soil pac}rnd 75 42 42 17 8 
Soil f il"m 88 67 50 2 5 8 
Soil soft 87 75 67 25 17 

1/ Compactness of seedbed ·was controlled by the amount of pressure 
applied to the soil placed over the seeds. 

Discussion 

Knowledge that 20 to 25 percent of the segmented seed 
units have exposed se eds and that one-half or more of these will 
not produce a seedling ·when planted more than !-inch deep offers 
an explanation of the discrepancy in the percentage germination 
of se gmented se ed when planted in soil as compared vd th the ger­
mination pe rcentage on blotters. 

The tests reported in this pap~r indicate that for pre­
cise results, we should know the percentage of normal germinating 
seed units in each lot of segmented seed planted under field con­
di tj_ons. Pounds of seed to plant per acre should be controlled 
by the percentage of seed units germinating normally and not by 
the to t al germination as indicated by blotter tests where abnor­
mal and normal germinations have ·not been differentiated~ 

Al tough the allo1trable variation in depth of planting is 
less in segmented seed than in whole seed (4), the optimum depth 
of planting must be the same in both cases. The optimum de p th 
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of plant inc_: for both whole sood and segmented seed is the.t thc,y 
should be planted just as shallow as moisture will permit. Jcpth 
of planting should therefore be governed by soil moisture and not 
by kind of so::;c1 planted. The evidence indicates that a seedling 
from a porfoct segmented seed will penetrate the soil just as far 
as will a scodling from a single-germed soedball. This docs not 
moan, ho1rnvor, that single sood units, whether thoy be sogmon to cl 
or whole soodballs, will penetrate the same depth of soil or 
exert tho same pressure against a soil crust as will throe seed­
lings from the same soodball. 

It should also be noted that there is a further grind­
ing of the seed units in the seed drills and that there is no 
doubt an increase in the percentage of injured or imperfect seeds 
during the planting process. Improvement in drill design and in 
precision of manufacture will do much to eliminate this phase of 
the problem. However, some work should no doubt be undertaken to 
determine the extent of seed injury by the drill mechanism. 

There is also some consideration of polishing segmented 
seed to make it more uniform in size. Attention should be given 
to the fact that any operation which tends to have a further 
grindino; action on the seed units may injure or expose more of 
the true seeds and from this standpoint any such operation would 
be undesirable. 

These studies also point out a problem in the uniform 
distribution of effective segmented seed units. At any given rate 
of seeding there will be skips where only segmented units with 
exposed seeds are planted. If enough seed segments are planted 
to insure an adequate initial stand, some bunching of plants will 
occur in the spaces where perfect segmented seed units fall 
toge thc :c"'• 

Further work with segmented seed will no doubt do much 
towara solving the problems which still exist. However, in these 
studies it would seem desirable to study further the effect of 
doubles in rather widely spaced beets. Data indicate that almost 
'JO percent of the whole seedballs in commercial seed prod.uc e not 
more than two seedlings. This fact should stimulate further work 
on the p::i_anting rate of whole sugar-beet seed to see if there is 
not a point where seedling distribution from whole seed plantings 
can not be satisfactorily worked into the mechanization program. 

Summary ~~6 

A comparison of the gormination of sogmonted sugar-boot 
seed, whoL:; soodballs, and naked seeds was made using blotters 
and soil in special glass germinators and also in the grot:nhouse 
bonch. Those; tests showed that most naked seeds and 12 to 15 
percent of the segmented seed germinated abnormally. This ab­
normal ge rmination was evidenced by the fact that the cotyledons 
broke a:way from the starchy food re serve durinc; the initial 
stages of ge rmination and before the radicle had developed and 
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become established. The cotyledons did not romain in a position 
to be pus;1cd through the soil and there was also apparent some 
loss in geotI'opic response. As a result of these abnormalities 
very fow fJeodlings from naked seeds and imp:.:rfoct sogm:.:mtocl seods 
emerged from tho soil when planted more than :i inch dcop. It 
was evident that blottor germination tests gave an erroneous 
impro ssion of th"~ percentage of seed recovarod in tho shoc:i.ring 
process, unless care was taken to differentiate between normal 
and abnormal germination . 
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